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CLAIMS: 

1 . ^ method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
5 formation; 

allowing\he heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling the\eat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
10 about 375 °C; and 

producing a mixture frdm the formation. 



20 



2. The method of claim 1 , wherein the one or more heat source^comprise at least 
two heat sources, and wherein superposition of heat from at le^sfthe two heat sources 



1 5 pyrolyzes at least some coal within the selec 



€iksection oftne formation. 



The method of claim L wherein con romng formation conditions comprises 
maintaining a temperature within the selectep secripn\within a pyrolysis temperature 
range. 

4. The method of claim 1 . wherein the one or more lib^t sources comprise electrical 
heaters. 



5. The method of claim 1 , wherein the one or more heat sources comprise surface 
25 burners. 

6. The method of claim 1 . wherein the one or more heat sources comprise flameless 
distributed combustors. 



30 7. The method of claim 1 , wherein the one or more heat sources comprise natural" 
distributed combustors. 
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8. 'The method of claim 1 s further comprising controlling a pressure and a 
temperatute within at least a majority of the selected section of the formation, wherein 
the pressure^ controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

9. The method \>f claim 1 , further comprising controlling a pressure within at least a 
majority of the selected, section of the formation with a valve coupled to at least one of 
the one or more heat soufces. 

10. The method of claim l\ further comprising controlling a pressure within at least a 
majority of the selected section o(the formation with a valve coupled to a production 
well located in the formation. 



15 11. The method of claim 1 , further comprising controlling the heat such that an 
average heating rate of the selected sectionis less map about 1 °C per day during 
pyrolysis. ^ ^ 
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1 2. The method of claim 1 , wherein providing h^at from the one or more heat sources 
to at least the portion of formation comprises: 

heating a selected volume ( l*) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity^CVX and wherein the heating 
pyrolyzes at least some coal within the selected volume of the ib^mation; and 

wherein heating energy/day provided to the volume is equah^ or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of ft 
formation, p B is formation bulk density, and wherein the heating rate is less than a6^t 10 
°C/dav. 



30 
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13. \he method of claim 1 , wherein allowing the heat to transfer from the one or 
more heat sfcuirces to the selected section comprises transferring heat substantially by 
conduction. \ 

5 14. The method ofvclaim 1 , wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1 , \herein the produced mixture comprises condensable 
10 hydrocarbons having an API gravity of at least about 25°. 

1 6. The method of claim 1 , whereimthe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % bVwdght to about 15 % by weight of the 
condensable hydrocarbons are olefins. I 

15 ^\ 

1 7. The method of claim 1 ? wherein the produced mixture comprises non -condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.1 5.\ 

20 18. The method of claim 1 , wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 % by weight to about l%% by weight of the non- 
condensable hydrocarbons are olefins. \ 

19. The method of claim 1 . wherein the produced mixture comprises condensable 

25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

20. The method of claim 1. wherein the produced mixture comprises condensate 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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21 . \The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

22. The methodvof claim 1. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



23. The method of claimvl. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



24. The method of claim L wherain/the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than aboGt 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aram\tics with more than two rings. 



20 



25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 v^by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



26. The method of claim 1. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about\o % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture coirtorises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-cfetndensable 
component, and wherein the hydrogen is less than about 80 % by volume oi^ihe non- 
condensable component. 
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28. Yte method of claim 1 . wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

31 . The method of clainrl, further comprising controlling formation conditions such 
that the produced mixture comprises a partial pressure of H2 within the mixture greater 
than about 0.5 bar. 



32. The method of claim 31. 
mixture is at a production well. 



herein tjie partial pressure of H2 is measured when the 



33. The method of claim L wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the\mixture into the formation. 

34. The method of claim 1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons finspn the formation having carbon 
numbers greater than about 25. 



35. The method of claim 1. further comprising: 

providing hydrogen (H2) to the heated section to hychpgenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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36. The method of claim 1 , wherein the produced mixture comprises hydrogen and 
condensab^shydrocarbons, the method further comprising hydrogenating a portion of the 
produced conctensable hydrocarbons with at least a portion of the produced hydrogen. 

37. The method oKclaim 1 . wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to greater than about 1 00 millidarcv. 

38. The method of claim 1, vvherein allowing the heat to transfer comprises 
substantially uniformly increasing \ permeability of a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensableNhydrocarbons, as measured by Fischer Assay. 

40. The method of claim L wherein produc^&sthe mixture comprises producing the 
mixture in a production well, and wherein at ldasnroout 7 heat sources are disposed in the 
formation for each production well. \ 

4 1 . The method of claim. 1 , further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three\r more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. \ 

42. The method of claim 1 , further comprising providing heat fronv three or more heat 
sources to at least a portion of the formation, wherein three or more of tne heat sources 
are located in the formation in a unit of heat sources, wherein the unit of he^t sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated, over an 
area of the formation to form a repetitive pattern of units. \ 

43. The method of claim 1 . further comprising separating the produced mixture intaa 
gas stream and a liquid stream. 
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44. \The method of claim 1 . further comprising separating the produced mixture into a 
gas streahi and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 

45. The method of claim 1 f wherein the produced mixture comprises H 2 S ; the method 
further comprisingWparating a portion of the H 2 S from non-condensable hydrocarbons. 

46. The method of qaim 1 . wherein the produced mixture comprises C0 2; the method 
further comprising separating a portion of the C0 2 from non-condensable hydrocarbons. 

47. The method of claim l\wherein the mixture is produced from a production well, 
wherein the heating is controllea\such that the mixture can be produced from the 
formation as a vapor. \ 

48. The method of claim 1 . wherrfM^ie mixture is produced from a production well, 
the method further comprising heatiiWaWllbore of the production well to inhibit 
condensation of the mixture within the welJbore. 

49. The method of claim L wherein the mixture is produced from a production well, 
wherein a wellbore of the production well composes a heater element configured to heat 
the formation adjacent to the wellbore, and further\comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H 2 . \ 

50. The method of claim 1 , wherein the minimum pyroVsis temperature is about 270 
°C. \ 

5 1 . The method of claim 1 . further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids^aving carbon 
numbers above 25. \ 
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52. The method of claim 1 . further comprising controlling pressure within the 
formatioirin a range from about atmospheric pressure to about 1 00 bar. as measured at a 
wellhead of production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable Hydrocarbons. 

53 . The method of clairn 1 . further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production welL t*s> control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased, to reduce the API gravity. 

54. A method of treating a coal fonraraon in situ, comprising: 
providing heat from one or more heatsources to at least a portion of the 

formation; ( 

allowing the heat to transfer from at leasVthe portion to a selected section of the 
formation substantially by conduction of heat; \ 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation: and \ 

producing a mixture from the formation. \ 

55. The method of claim 54, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least theHwo heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the ibrmation. 

56. The method of claim 54. wherein the one or more heat sources comprise electrical 
heaters. \ 

57. The method of claim 54, wherein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributee! combustors. 

59. The method of claim 54, wherein the one or more heat sources comprise natural 
distributed combustors. 

60. The method oKlaim 54, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled afca function of temperature, or the temperature is controlled as 
a function of pressure. \ 

61 . The method of claim 54, further comprising controlling the heat such that an 
average heating rate of the selected^section is less than about 1.0 ° C per day during 
pyrolysis. \ / 

62. The method of claim 54, whereQ^viding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: \ 

p wr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day.. \ 

63. The method of claim 54, wherein providing heat from the one or mVe heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 
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64. NThe method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, an<fwherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydroca&ons are olefins. 

66. The method of clairh 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54. wherain the produced mixture comprises condensable 
hydrocarbons, and wherein less than abok 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is rmragen. / 

68. The method of claim 54, wherein the\pr6atoed mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by w&ght, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

69. The method of claim 54, wherein the produced mixturXcomprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

70. The method of claim 54, wherein the produced mixture comprises OMidensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen \ 
containing compounds comprise phenols. 
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71 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, andVherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73. The method of claun 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

74. The method of claim 54, whVein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % YyAveight/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesl / 

75. The method of claim 54, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bV volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

76. The method of claim 54, wherein the produced mixturescomprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

78. The method of claim 54. further comprising controlling a pressure within £K least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce ^mixture of condensable hydrocarbons and H2. wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

8 1 . The method of claim 54, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 15. 

82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen ^rom the mixture into the formation. 

83. The method of claim 54, further\omprisir 
providing hydrogen (H2) to the h^afc^i se/tion to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section witfi he^firom hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 85. The method of claim 54, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to^greater than about 1 00 
millidarcv. 



86. The method of claim 54, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater 
than abour60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 
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89. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

90. The method of claim 54, fufijier comprising providing heat from three or more 
heat sources to at least a portion of thUbrmatioii. wherein three or more of the heat 

15 sources are located in the formation in a\ukfr of heat sources, wherein the unit of heat 
sources comprises a triangular pattem\and(wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

91 . A method of treating a coal formation in situ, comprising: 
20 providing heat from one or more heat source^ to at least a portion of the 

formation; 

allowing the heat to transfer from the one or mor\heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conduc^ity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 



92. The method of claim 91 , wherein the one or more heat sources ccHriprise at least 
two heat sources, and wherein superposition of heat from at least the two he^t sources 
pyrolyzes at least some hydrocarbons within the selected section of the formatK 
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93. T^e method of claim 9L wherein controlling formation conditions comprises 
maintaining temperature within the selected section within a pyrolysis temperature 
range. 

5 94. The method\f claim 91 . wherein the one or more heat sources comprise electrical 
heaters. 
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95. The method of clair^ 9L wherein the one or more heat sources comprise surface 
burners. 

96. The method of claim 91 . ^erein the one or more heat sources comprise flameless 
distributed combustors. 



97. The method of claim 91. wherein\he one on more heat sources comprise natural 



III 

flu 15 distributed combustors. 



y 98. The method of claim 91 , further comprising controlling a pressure and a 

jT™ \ 

\ 

HI temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 

O 

20 a function of pressure. 
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99. The method of claim 91 ; further comprising controlling the heat such that an 
average heating rate of the selected section is less than about JN^C per day during 
pyrolysis. 

1 00. The method of claim 91 . wherein providing heat from the one c^more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or nWe heat 
sources, wherein the formation has an average heat capacity (C v ) ; and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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lerein heating energy/day provided to the volume is equal to or less than P\w\ 
wherein p\r is calculated by the equation: 
Pwr^sh*V*C v *p B 

wherein Fmt is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

101. The method of claimN? 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially bv conduction. 

102. The method of claim 91, whetein the produced mixture comprises condensable 
hydrocarbons having an API gravity of ajj^ast atput 25 c 

103. The method of claim 91, whereih thi^oduced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %\^v^eight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 04. The method of claim 91 , wherein the produced n^ixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethfcne to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 

105. The method of claim 91. wherein the produced mixture composes condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculate^ on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



106. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomt 
basis, of the condensable hydrocarbons is oxveen. 
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107. ^The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight,, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

108. The methoaNof claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, whereiV about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 09. The method of claim 9lNwherein the produced mixture comprises condensable 
hydrocarbons, and wherein greatertfian about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1 1 0. The method of claim 91 , wherein me^Foduced mixture comprises condensable 
hydrocarbons, and wherein less thanlabbuJ 5.% by weight of the condensable 
hydrocarbons comprises multi-ring ans^m^iicsVith more than two rings. 

111. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % byVeight of the condensable 
hydrocarbons are asphaltenes. \ 

112. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % s by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

113. The method of claim 91 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 
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1 14. \^\The method of claim 91. wherein the produced mixture comprises ammonia, and 
wherein gKeater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The merhod of claim 91 , wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 

1 16. The method of olaim 91, further comprising controlling a pressure within at least 
a majority of the selected\ection of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

10 

U j 117. The method of claim 9 1 , "ftirther comprising controlling formation conditions to 

produce a mixture of condensable Hydrocarbons and H2. wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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15 118. The method of claim 1 1 7, wh^re)(i the partial pressure of H2 is measured when the 
mixture is at a production well. 



p 119. The method of claim 9 1 s further composing altering a pressure within the 

j~J formation to inhibit production of hydrocarbon^from the formation having carbon 

20 numbers greater than about 25 . 

120. The method of claim 91, wherein controlling ibrmation conditions comprises 
recirculating a portion of hydrogen from the mixture int\the formation. 

25 121. The method of claim 91 . further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrog^pate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenatior 
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122. The method of claim 91. wherein the produced mixture comprises hydrogen and 
condensate hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

123. The metnisKl of claim 91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcv. 
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1 24. The method of claim 91, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

125. The method of claim 91, father comprising controlling the heat to yield greater 
than about 60 % by weight of condeksable hydrocarbons, as measured by Fischer Assay. 

15 1 26. The method of claim 91 , whereinBffdducing the mixture comprises producing the 
mixture in a production well, and whereip^neast about 7 heat sources are disposed in the 
formation for each production well. 

127. The method of claim 91, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formationXwherein three or more of the heat 

sources are located in the formation in a unit of heaf sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



128. The method of claim 91 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 129. A method of treating a coal formation in situ, comprising: 
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^providing heat from one or more heat sources to at least a portion of the 
formation\ 

allowihe the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
5 controlling threat from the one or more heat sources such that an average 

temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is imubited; 

controlling a pressure within at least a majority of the selected section of the 
10 formation, wherein the controlled pressure is at least 2.0 bar; and 
p producing a mixture from thesformation, wherein about 0.1 % by weight of the 

^1 produced mixture to about 1 5 % by weight of the produced mixture are olefins, and 

4* wherein an average carbon number of the\j>roduced mixture ranges from 1 -25. 

ill Ny 

is 130. The method of claim 1 29, wherein t£^\one or more heat sources comprise at least 
,* two heat sources, and wherein superposition ofheat from at least the two heat sources 

hi pyrolyzes at least some hydrocarbons within the selected section of the formation. 

%l 131. The method of claim 1 29. wherein controlling formation conditions comprises 

20 maintaining a temperature within the selected section wi\hin a pyrolysis temperature 
range. \ 

132. The method of claim 129. wherein the one or more heatVmrces comprise 
electrical heaters. \ 

25 \ 

133. The method of claim 129. wherein the one or more heat sources\omprise surface 
burners. \ 

134. The method of claim 129, wherein the one or more heat sources comprise 
30 flameless distributed combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressur^. 

137. The method of claipi 1 29, further comprising controlling the heat such that an 
10 average heating rate of the sheeted section is less than about 1 °C per day during 

pyrolysis. 
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138. The method of claim 129, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
1 5 heating a selected volume (I 7 ) of/the) o6al formation from the one or more heat 

sources, wherein the formation has an axgra&e heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within tke selected volume of the formation; and 
wherein heating energy/day provided to tft^ volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr = h*V*C v *p B 

w 7 herein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 139. The method of claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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140. The method of claim 129, wherein providing heat from the one or more nts^t 
sources comprises heating the selected section such that a thermal conductivity* of aK(east 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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141. The method of claim 1 29, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable^hydrocarbons are olefins. 

142. The methoctaf claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbonkxanges from about 0.001 to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

144. The method of claim 129, wherejftTthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about) V% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and whereirKthe oxygen 
containing compounds comprise phenols. \ 

147. The method of claim 129. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons. and\wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

150. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are\:ycloalkanes. 

151 . The method of claim 129, wherein the produced mixture comprises a non- 
condensable component, wherein the \on-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is lesfc thto about 80 % by volume of the non- 
condensable component. ^\ 

152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of theVoduced mixture is ammonia. 

1 53. The method of claim 129, wherein the produced naixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. \ 

155. The method of claim 154, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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1 56. The method of claim 1 29, further comprising altering a pressure within the 
formation^ inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 57. The method\f claim 129. further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of u^e section with heat from hydrogenation. 

1 58. The method of claim 129 5 \vherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 59. The method of claim 1 29, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of thesselected section to greater than about 100 
millidarcy. / 

160. The method of claim 129, wherein allowing\he heat to transfer comprises 
substantially uniformly increasing a permeability of aViajority of the selected section. 

161. The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons. asNmeasured by Fischer Assay. 

1 62. The method of claim 129, wherein producing the mixture\:omprises producing 
the mixture in a production well, and wherein at least about 7 heat sbairces are disposed in 
the formation for each production well. \ 

1 63. The method of claim 129, further comprising providing heat from thtee or more 
heat sources to at least a portion of the formation, wherein three or more of thereat 
sources are located in the formation in a unit of heat sources, and wherein the uniVof heat 
sources comprises a triangular pattern. \ 
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164. "The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises\triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 65. The method of claim\29 5 further comprising separating the produced mixture 
into a gas stream and a liquid stfceam. 

166. The method of claim 129. fiinher comprising separating the produced mixture 
into a gas stream and a liquid stream ancl separating the liquid stream into an aqueous 
stream and a non-aqueous stream. \ 

1 67. The method of claim 129. wherein the produced mixture comprises H2S. the 
method further comprising separating a port Worthe H2S from non-condensable 
hydrocarbons. \ 

168. The method of claim 129. wherein the produced mixture comprises C(X the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. \ 

169. The method of claim 129, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. \ 

1 70. The method of claim 129. wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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171. the method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater ehsment to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component and H2. 

172. The method of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. \ 

1 73. The method of claim 129^ further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. \ 

1 74. The method of claim 129, further\omprisihg controlling pressure within the 
formation in a range from about atmospherf^pressure to about 100 bar absolute, as 
measured at a wellhead of a production will,/^Tcontrol an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. \ 

1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to aboutJOO bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced\o decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravitV 

1 76. A method of treating a coal formation in situ, comprising: \ 
providing heat from one or more heat sources to at least a portion of the\ 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected \ 
section of the formation; \ 
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sontrolling a pressure within at least a majority of the selected section of the 
formation^ wherein the controlled pressure is at least about'2.0 bar absolute; and 
proaucing a mixture from the formation. 

5 1 77. The method of claim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a\alve coupled to at least one of the one or more heat sources. 
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1 78. The method of crnim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a valve ccmpled to a production well located in the formation. 

1 79. The method of claim 1 76, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

1 80. The method of claim 1 76, wheMn controlling formation conditions comprises 
maintaining a temperature within the pel^jtedysection within a pyrolysis temperature 
range. 



181. The method of claim 1 76, wherein the \ne or more heat sources comprise 
20 electrical heaters. 

1 82. The method of claim 1 76, wherein the one or mpre heat sources comprise surface 
burners. 

25 1 83. The method of claim 1 76, wherein the one or more hear^ources comprise 
flameless distributed combustors. 

1 84. The method of claim 1 76, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1 85. The method of claim 1 76, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a tfunction of temperature, or the temperature is controlled as a function of 
pressure. \ 

1 86. The method of claim 1 76, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 87. The method of claim 1 76. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of thkcoal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the\selected volume of the formation; and 

wherein heating energy/day provided to th^^ume^s equal to or less than P\\r\ 
wherein Pwr is calculated by the equation: / /y^^ 

Pwr = h*V*C v *p B ^ \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the hewing rate is less than about 1 0 
°C/day. \ 

1 88. The method of claim 1 76, wherein allowing the heat to transit- comprises 
transferring heat substantially by conduction. \ 

1 89. The method of claim 1 76, wherein providing heat from the one or mote heat 
sources comprises heating the selected section such that a thermal conduct ivity\f at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

1 90. The method of claim 1 76, wherein the produced mixture comprises condensable^ 
hydrocarbons having an API gravity of at least about 25°. 
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191 . The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensableshydrocarbons are olefins. 

1 92. The method of claim 1 76, wherein the produced mixture comprises non- 
condensable hydrocartxms, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 93 . The method of clainKl 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 94. The method of claim 1 76, whferein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^QXygen. / 

195. The method of claim 176, wheremuieWoduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % hv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1 96. The method of claim 1 76, wherein the producedViixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 %sby weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

197. The method of claim 176, wherein the produced mixture composes condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the conaensable 
hydrocarbons are aromatic compounds. \ 
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198. \The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarVms. and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 99. The metnod of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, andVherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 

200. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are ovcloalkanes. 

201 . The method of claim 1 76, wherein the produced mixture comprises a non- 
condensable component, wherein theiaon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abbut 10 % by volume of the non-condensable 
component, and wherein the hydrogen is than about 80 % by volume of the non- 
condensable component. I NT 

202. The method of claim 1 76, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of thesproduced mixture is ammonia. 

203. The method of claim 1 76, wherein the producedViixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

204. The method of claim 1 76, further comprising controlling^formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a \artial pressure of H : 
within the mixture is greater than about 0.5 bar. \ 

205. The method of claim 204, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 
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206. ahe method of claim 1 76, further comprising altering a pressure within the 
formationV) inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a porticm of hydrogen from the mixture into the formation. 

208. The method of clkim 1 76, further comprising: 

providing hydrogerk(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the\ection with heat from hydrogenation. 

209. The method of claim 1 76, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least: a portion of the produced hydrogen. 

210. The method of claim 176, wherein Mlowing the heat to transfer comprises 
increasing a permeability of a majority oi the selected section to greater than about 100 
millidarcy. \ 

211. The method of claim 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of claim 176, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

213. The method of claim 176, wherein producing the mixture uom the formation 
comprises producing the mixture in a production well, and wherein arieast about 7 heat 
sources are disposed in the formation for each production well. \ 

214. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation^ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the fomiation; and 

controUingVpressure within at least a majority of the selected section of the 
formation, wherein th\controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least\ majority of the selected section of the formation is less than 
about 375 °C; and \ 

producing a mixture frorn the formation. 

215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherein cjtMbllji^ formation conditions comprises 
maintaining a temperature within the select^djection within a pyrolysis temperature 
range. - \ 

217. The method of claim 2 1 4, wherein the one or rk>re heat sources comprise 
electrical heaters. \ 

218. The method of claim 214, wherein the one or more heaKsources comprise surface 
burners. \ 

219. The method of claim 2 1 4, wherein the one or more heat sourcesVomprise 
flameless distributed combustors. \ 

220. The method of claim 214, wherein the one or more heat sources comprises natural 
distributed combustors. \ 
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221 . >he method of claim 214, further comprising controlling a pressure and a 
temperatureswithin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of thkselected section is less than about 1 °C per day during 
pyrolysis. \ 

10 223 . The method of claim 2 1 4\wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day providedWlhe volume is equal to or less than Pw?\ 

wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v +p B \ 

wherein Pwr is the heating energy/day. h is ata average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 1 0 
20 °C/day. \ 

224. The method of claim 214, wherein allowing the heat toOransfer comprises 
transferring heat substantially by conduction. \ 

25 225. The method of claim 214, wherein providing heat from the one, or more heat 

sources comprises heating the selected section such that a thermal conductivity' of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

226. The method of claim 214, wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons\and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214. vvherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fromVbout 0.001 to about 0.15. 

230. The method of claim 214, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °Abv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogew. / 

23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight. w 7 hen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

232. The method of claim 214. wherein the produced mixturc comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wheircalculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

233. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of tne condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 
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234. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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236. The method of claink2 1 4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

237. The method of claim 2 1 4, whVein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % By weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanets. 



238. The method of claim 214, wherein thg/ftroduced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bywolume of the non-condensable 
component, and wherein the hydrogen is less than abo^t 80 % by volume of the non- 
condensable component. 



25 



239. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

240. The method of claim 214, wherein the produced mixture composes ammonia, and 
wherein the ammonia is used to produce fertilizer. 



24 1 . The method of claim 214. wherein controlling the heat further comprises 
30 controlling the heat such that coke production is inhibited. 
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242. The method of claim 214, further comprising controlling formation conditions to 
produce aonixture of condensable hydrocarbons and H2, wherein a partial pressure of 
within the mbcture is greater than about 0.5 bar. 

5 243. The method of claim 242, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

244. The method of claun 2 1 4, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
1 0 numbers greater than about 25. \ 

i*\ \ 

Jjjjl 245 . The method of claim 214, wherein controlling formation conditions comprises 
,p recirculating a portion of hydrogen from the mixture into the formation. 

!;j \ 

Ul 1 5 246. The method of claim 2 1 4, further c<Wprising: 

jf " providing hydrogen (H2) to the heaiecrsection to hydrogenate hydrocarbons 

W within the section; and \J \ 

it 2 \ 

|l j heating a portion of the section with heat from hydrogenation. 

20 247. The method of claim 214, wherein the produced^ mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprisinkhydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

248. The method of claim 214, wherein allowing the heat to transfer comprises 

25 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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250. The method of claim 21*4. further comprising controlling the heat to yield greater 
than about 68 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

25 1 . The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a promotion well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

252. The method of claim\214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andpvner^n a plurality of the units are repeated 
over an area of the formation to form a repWuVe pattern of units. 

254. A method of treating a coal formation in sW comprising; 
providing heat from one or more heat source^ to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more; heat sources to a selected 
section of the formation; \ 

producing a mixture from the formation, wherein at least a portion of the mixture 
is produced during the pyrolysis and the mixture moves througk the formation in a vapor 
phase; and \ 

maintaining a pressure within at least a majority of the selected section above 
about 2.0 bar absolute. \ 

255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

257. The methoclof claim 254, wherein the one or more heat sources comprise 
electrical heaters. \ 

258. The method of clahn 254, wherein the one or more heat sources comprise surface 
burners. \ 

259. The method of claim 254Wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

260. The method of claim 254, wherein the one or more heat sources comprise natural 
distributed combustors. /Wl 

261 . The method of claim 254, furthe^mVising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about i\°C per day during 
pyrolysis. \ 

263. The method of claim 254, wherein providing heat from the on\or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (F) of the coal formation from the one ormore heat 
sources, wherein the formation has an average heat capacity (C v )« and w'hereinsthe heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
wherein Pvvr is calculated by the equation: 
p wr \h*V*C v *p B 

wherein Fwr is the heating energy /day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

264. The method of claim\254, wherein allowing the heat to transfer comprises 
transferring heat substantially \x conduction. 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thai/ about 0.5 W/(rn °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at lea^t about 25°. 

267. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 
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270. The method of claim 254. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of theVmdensable hydrocarbons is nitrogen. 

271 . The methoikof claim 254. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claimV54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesVthan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 254, wnterein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenol^jiy 

274. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2oVo by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

275. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight orlhe condensable 
hydrocarbons comprises multi-ring aromatics with more than tW) rings. 

276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen \s greater than about 1 0 % by volume of the non-condensable 
component, and wherein\he hydrogen is less than about 80 % by volume of the non- 
condensable component. 

279. The method of claim wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 °\by weight of the produced mixture is ammonia. 



280. The method of claim 254. wherein the produced mixture comprises ammonia, and 
m 1 5 wherein the ammonia is used to product fertilizer. 



281 . The method of claim 254, wherein ^ejpre/sure is measured at a wellhead of a 
production well. 

20 282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. 

283. The method of claim 254, wherein the pressure is maintained below about 100 bar 
absolute. 

25 

284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2. wherein a pajjial pressure of H: 
within the mixture is greater than about 0.5 bar. 

30 285. The method of claim 284, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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286. The method of claim 254, further comprising altering a pressure within the 
formation ro inhibit production of hydrocarbons from the formation having carbon 
numbers greyer than about 25. 

287. The methoasof claim 254, wherein controlling formation conditions comprises 
recirculating a portionsof hydrogen from the mixture into the formation. 

288. The method of clairta 254, further comprising: 

providing hydrogen (Fb) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fitfSSkcomprising hydrogenating a portion of the 
produced condensable hydrocarbons with atleast a portion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected^ section to greater than about 100 
millidarcy. \ 

291 . The method of claim 254, wherein allowing the heat tb transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

292. The method of claim 254, further comprising controlling the nbat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured bVFischer Assay. 

293. The method of claim 254. wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 
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294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises\a triangular pattern. 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular \attern, and wherein a plurality of the units are repeated 
over an area of the formation to mrm a repetitive pattern of units. 

296. A method of treating a coal formation in situ, comprising: 
providing heat from one or morb heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from thVene^or more heat sources to a selected 
section of the formation; j \ \ / 

maintaining a pressure within at least a in^iority of the selected section of the 
formation above 2.0 bar absolute; and \ 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higherNhan an API gravity of 
condensable hydrocarbons in a mixture producible from thV formation at the same 
temperature and at atmospheric pressure. \ 

297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the rwo heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 
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299. NThe method of claim 296, wherein the one or more heat sources comprise 
electrical nfcaters. 

300. The methbd of claim 296, wherein the one or more heat sources comprise surface 
5 burners. \ 

301 . The method of clahn 296, wherein the one or more heat sources comprise 
flameless distributed combustors. 

10 302. The method of claim 296,\vherein the one or more heat sources comprise natural 
Q distributed combustors. \ 

*£i \ 

m \ 

4* 303. The method of claim 296, further Comprising controlling the pressure and a 

j<H temperature within at least a majority of theVteeted section of the formation, wherein 

&j is the pressure is controlled as a function of tenypwlture, optlie temperature is controlled as 

si " a function of pressure. \ 

ll| 304. The method of claim 296, further comprising ccWolling the heat such that an 
average heating rate of the selected section is less than abom 1 °C per day during 

|p« 20 pyrolysis. \ 

305. The method of claim 296, wherein providing heat from throne or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (I 7 ) of the coal formation from the onfe or more heat 
25 sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less tnan Pmt, 
wherein Pwr is calculated by the equation: ^ 

Pwr = h*V*C v *p B 
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^wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

5 306. The methocrof claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim\296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
1 0 a portion of the selected section lkgreater than about 0.5 W/(m °C). 

^ y 308. The method of claim 296, wherein the produced mixture comprises condensable 

130 \ 

s j; hydrocarbons having an API gravity of at\least about 25°. 

Ui 15 309. The method of claim 296, wherein the\roduced mixture comprises condensable 

hydrocarbons, and wherein about 0.1 % by welghmo about 15 % by weight of the 
O condensable hydrocarbons are olefins. ( J\^s 

4= 3 1 0. The method of claim 296, wherein the produced nwxture comprises non- 

20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0. 1 5. \ 

312. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an abmic 
basis, of the condensable hydrocarbons is nitrogen. \ 

30 
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313. NThe method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 314. The method of\claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

315. The method of claim 296\wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % b\weight to about 30 % by weight of the condensable 
□ hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
jjjjj containing compounds comprise phenolsX 

SB \ 

\\l 316. The method of claim 296. wherein theVroduced mixture comprises condensable 

5 ;Jf 15 hydrocarbons, and wherein greater than about 2& % by weight of the condensable 
»f?« \ / 

v . hydrocarbons are aromatic compounds. Vv / 

•"'^ I Ik s 

\x-A [ f\^s 

I / \ 

111 3 1 7. The method of claim 296, wherein the produces! mixture comprises condensable 

.1! \ 

S hydrocarbons, and wherein less than about 5 % by weight of the condensable 

jk- 20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

318. The method of claim 296. wherein the produced mixtures comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of thescondensable 
hydrocarbons are asphaltenes. \ 

25 \ 

319. The method of claim 296. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

30 320. The method of claim 296, wherein the produced mixture comprises a non-\ 

condensable component, w T herein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 321 . Tnfei method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greaW than about 0.05 % by weight of the produced mixture is ammonia. 

322. The methocrof claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia \s used to produce fertilizer. 



Ire* 



323. The method of claim\296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater thaiv^about 0.5 bar. 



a tit 
iVh 
Ur 
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15 324. The method of claim 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production well 

325. The method of claim 296, further/cohjfcrising altering a pressure within the 
formation to inhibit production of hydrocarooi^frorn the formation having carbon 
20 numbers greater than about 25. 



326. The method of claim 296, wherein controlling\formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 327. The method of claim 296, further comprising: 

providing hydrogen (H2) to the heated section to hydro^nate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenatiork 
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328. \The method of claim 296. wherein the produced mixture comprises hydrogen and 
condensate hydrocarbons, the method further comprising hydrogenating a portion of the 
produced cohdensable hydrocarbons with at least a portion of the produced hydrogen. 

5 329. The method of claim 296, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. \ 

330. The method of claim 296, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

Cl \ 

jij 331, The method of claim 29<* further comprising controlling the heat to yield greater 
T than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

s I? \ 

in \ 

9 15 332. The method of claim 296, whfcrein producing the mixture comprises producing 

3i the mixture in a production well, and ^herein at least about 7 heat sources are disposed in 

O \ 

Jl the formation for each production well. / 

h 333. The method of claim 296, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit oOieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

334. The method of claim 296, further comprisin&providing heat from three or more 
25 heat sources to at least a portion of the formation, whetein three or more of the heat 
sources are located in the formation in a unit of heat soutees, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern ofunits. 

30 335. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formations 

allowW the heat to transfer from the one or more heat sources to a selected 
section of the fonnation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2^0 bar absolute; and 

producing a flurtsl from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 

336. The method of claim 3^5, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

337. The method of claim 335, whereiXcontrolling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 

ran § e - / 

338. The method of claim 335, wherein the one orsmore heat sources comprise 
electrical heaters. \ 

339. The method of claim 335, wherein the one or more hekt sources comprise surface 
burners. \ 

340. The method of claim 335, wherein the one or more heat source^comprise 
flameless distributed combustors. \ 

341 . The method of claim 335, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

342. The method of claim 335, further comprising controlling the pressure and a \ 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
anmction of pressure. 

343. The method of claim 335, further comprising controlling the heat such that an 
average heathig rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

344. The method oXelaim 335. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formatio\has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 

wherein heating energy/dayWovided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day. A is an average heating rate of the 
formation, p B is formation bulk density, and y^rein/tfie heating rate is less than about 1 0 
°C/day. f/\ 

345. The method of claim 335, wherein allowing me heat to transfer comprises 
transferring heat substantially by conduction. \ 

346. The method of claim 335, wherein providing heat fromvthe one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C)\ 

347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 
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348. \The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable\hydrocarbons are olefins. 

5 349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocaAons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable iwlrocarbons are olefins. 

350. The method of claim 3^3 . wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

□ condensable hydrocarbons ranges from about 0.001 to about 0.15. 

351 . The method of claim 335, wherein\he produced mixture comprises condensable 
\\\ hydrocarbons, and wherein less than about 1 /% py weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nit^ogeji. 

'p! 352. The method of claim 335, wherein the produced mixture comprises condensable 

111 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

p basis, of the condensable hydrocarbons is oxygen. \ 

S 20 \ 

353. The method of claim 335, wherein the produced mixture^comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

25 354. The method of claim 335, wherein the produced mixture comprises\pndensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen \ 
containing compounds comprise phenols. 
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355. \The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbonsyare aromatic compounds. 

5 356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprisessmulti-ring aromatics with more than two rings. 

357. The method of claim Sl35, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less^than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. \ 

358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byWeight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanesV 

359. The method of claim 335, wherein tile produced mixture comprises a non- 
condensable component, wherein the non-condensiable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

360. The method of claim 335, wherein the produced mixturfe comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 \ 

361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

362. The method of claim 335, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H:, wherein a partial pressure\)f H : 

within the mixture is greater than about 0.5 bar. \ 
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363. The method of claim 335, wherein the partial pressure of H 2 is measured when the 
mixture is^l a production well. 

364. The method of claim 335, further comprising altering the pressure within the 
formation to inhibitSproduction of hydrocarbons from the formation having carbon 
numbers greater than \bout 25. 

365. The method of clafm 335, wherein controlling formation conditions comprises 
recirculating a portion of hyWogen from the mixture into the formation. 

366. The method of claim 335. further comprising: 

providing hydrogen (H2) to\the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section yith heat from hydrogenation. 

367. The method of claim 335, wherein mis^produced mixture comprises hydrogen and 
condensable hydrocarbons, the method Wthet comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at leak a portion of the produced hydrogen. 

368. The method of claim 335, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

369. The method of claim 335, wherein allowing the heat tostransfer comprises 
substantially uniformly increasing a permeability of a majority oT the selected section. 

370. The method of claim 335, further comprising controlling the neat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

373. The method of claim 33$, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation^ a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern\and wherein a plurality of the units are repeated 
over an area of the formation to form a rtoetitive pattern of units. 

374. A method of treating a coal formamoiU|n shai comprising: 
providing heat from one or more heat Sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or Vore heat sources to a selected 
section of the formation; \ 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and \ 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared tV non-condensable 
components producible from the formation under the same temperature conditions and at 
atmospheric pressure. \ 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two he&t sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 377. The methc*4 of claim 374, wherein the one or more heat sources comprise 
electrical heaters. 

378. The method of clai\ 374, wherein the one or more heat sources comprise surface 
burners. 



10 



379. The method of claim 374, wherein the one or more heat sources comprise 
flameless distributed combustors. 



ru 
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380. The method of claim 374, wherein tt^e one or more heat sources comprise natural 
1 5 distributed combustors. 

38 1 . The method of claim 374, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, o^the temperature is controlled as 

20 a function of pressure. 



25 



30 



382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °G^per day during 
pyrolysis. 

383. The method of claim 374, wherein providing heat from the one i*[ more heat 
sources.to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or fWe heat 
sources, wherein the formation has an average heat capacity (C v ) ; and wherein\he heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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\vherein heating energy/day provided to the volume is equal to or less than Pw?\ 
wherein P^yr is calculated by the equation: 
Pwr\h*V*C v *p B 

wherein Kmt is the heating energy /day , h is an average heating rate of the 
5 formation. p B is foimation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

384. The method of claiin 374, wherein allowing the heat to transfer comprises 
transferring heat substantiality conduction. 

10 \ 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected! section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

15 386. The method of claim 374. whereiiYtne produced mixture comprises condensable 
hydrocarbons having an API gravity of at leaAafctmt 25°. 

387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight toyabout 15 % by weight of the 

20 condensable hydrocarbons are olefins. \ 

388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to etharte in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 
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390. .The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight; when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

391 . The method of claim 374. wherein the produced mixture comprises condensable 
hydrocarbons, andVherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of clairh 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lefcs than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 374, wtterein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols, 

394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °/o\by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the cono^nsable 
hydrocarbons are asphaltenes. \ 
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397. ^Fhe method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable nydrocarbons are cycloalkailes. 

5 398. The method\)f claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen isVreater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 
10 \ 

399. The method of claim 37^k wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %>by weight of the produced mixture is ammonia. 

400. The method of claim 374. wherein the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to produceVertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydiracarpMLs and H 2; wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar\ 

20 \ 

402. The method of claim 374. wherein the partial pressure of H2 is measured when the 
mixture is at a production well. \ 

403. The method of claim 374, further comprising altering the pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. \ 

404. The method of claim 374, further comprising: \ 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
30 within the section; and \ 

heating a portion of the section with heat from hydrogenation. \ 
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405. W method of claim 374, wherein the produced mixture comprises hydrogen and 
condensabte hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 \ 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

10 407. The method of claim\374, wherein allowing the heat to transfer comprises 
□ substantially uniformly increasing a permeability of a majority of the selected section. 



Ik;: 
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408. The method of claim 374, farther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



409. The method of claim 374, where 



i;oducirfg the mixture comprises producing 



the mixture in a production well, and wH^er^ar least about 7 heat sources are disposed in 
ltj the formation for each production well. 

rf 20 410. The method of claim 374, further comprisW providing heat from three or more 

r ~ \ 

heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

25 41 1. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein tnkee or more of the heat 
sources are located in the formation in a unit of heat sources, therein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality ouhe units are repeated 
over an area of the formation to form a repetitive pattern of units. 



412. A method of treating a coal formation in situ, comprising: 
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Droviding heat from one or more heat sources to at least a portion of the 
formatior 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
5 pyrolyzes at least about 20 % by weight of hydrocarbons within the selected section of 
the formation; ahd 

producing^ mixture from the formation. 

413. The method of Claim 412, wherein the one or more heat sources comprise at least 
10 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



Ill 

IX) 15 
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414. The method of claim 412^wherein controlling formation conditions comprises 
maintaining a temperature within deselected section within a pyrolysis temperature 
range. 

415. The method of claim 412. wherein t% one more heat sources comprise 
electrical heaters. 



20 416. The method of claim 4 1 2, wherein the one or^ore heat sources comprise surface 
burners. 



25 



417. The method of claim 412, wherein the one or more he^t sources comprise 
flameless distributed combustors. 

418. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 



419. The method of claim 412, further comprising controlling a pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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ahe pressure is controlled as a function of temperature, or the temperature is controlled as 
a junction of pressure. 

420. \lie method of claim 412, further comprising controlling the heat such that an 
average hewing rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

42 1 . The method ofbjaim 4 1 2, wherein providing heat from the one or more heat 
sources to at least the portibn of formation comprises: 

heating a selected volw**e (F) of the coal formation from the one or more heat 
sources, wherein the formation ha^an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbonsVithin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I \v 

wherein Pwr is the heating energy/a^y/w issan average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

422. The method of claim 412, wherein allowing the heat toVansfer comprises 
transferring heat substantially by conduction. \ 

423. The method of claim 412, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). \ . 

424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity' of at least about 25°. \ 
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425. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable^hydrocarbons are olefins. 

426. The method of claim 412. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensableshydrocarbons are olefins. 

427. The method of clainv412, wherein the produced mixture comprises non- 
condensable hydrocarbons, anchwherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges yoni about 0.001 to about 0.15. 

428. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ato^g^n. 

429. The method of claim 412, wherein tnS'produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by ^weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

430. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

43 1 . The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 
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432. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 433. The method of claim 412 ; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of clainv412, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein les\than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. \ 

435. The method of claim 412, whetein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % b\weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkane^. 

436. The method of claim 412, wherein pe produced mixture comprises a non- 
condensable component, wherein the non-ct>rraenbible component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by Volume of the non-condensable 

20 component, and wherein the hydrogen is less than abom 80 % by volume of the non- 
condensable component. \ 

437. The method of claim 412. wherein the produced mixtute comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

25 \ 

438. The method of claim 412. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

439. The method of claim 412, further comprising controlling a pressure wuhin at least 
30 a majority of the selected section of the formation, wherein the controlled pressWe is at 

least about 2.0 bar absolute. \ 
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440. .The method of claim 412, further comprising controlling formation conditions to 
produce admixture of condensable hydrocarbons and H2. wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

441 . The metnod of claim 412. wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

442. The method of claim 412. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25.\ 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fromuhe mixture into the formation. 

444. The method of claim 4 1 2, further rampnsing: 

providing hydrogen (H2) to the he^d station to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat fron* hydrogenation. 

445. The method of claim 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising nydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion ofthe produced hydrogen. 

446. The method of claim 412, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

447. The method of claim 4 1 2, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selectecPsection. 
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448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

449. The method of claim 412, wherein producing the mixture comprises producing 

5 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of clartn 4 1 2, ftirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the forma^pn in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

fssl \ 

*£i \ 

'1- 45 1 . The method of claim 412. furthe\comprising providing heat from three or more 

H heat sources to at least a portion of the formation, wherein three or more of the heat 

jvj 1^ sources are located in the formation in a unit bdfheat sources, wherein the unit of heat 
4 = sources comprises a triangular pattern, and wnereiii a plurality of the units are repeated 

p over an area of the formation to form a repetiti^pattern of units. 

■ 3 452. A method of treating a coal formation in situ, comprising: 

O 20 providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat\sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocarbons within the selected section of the 
25 formation; and \ 

producing a mixture from the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. \ 

453. The method of claim 452, wherein the one or more heat sources comprise at least 
30 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation\ 
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454. \The method of claim 452, wherein controlling formation conditions comprises 
maintainihg a temperature within the selected section within a pyrolysis temperature 
range. \ 

455. The methociof claim 452, wherein the one or more heat sources comprise 
electrical heaters. \ 

456. The method of claira 452, wherein the one or more heat sources comprise surface 
burners. \ 

457. The method of claim 452. wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

458. The method of claim 452. wherein^he one or more heat sources comprise natural 
distributed combustors. V-x 

459. The method of claim 452, further compri$frig controlling a pressure and a 
temperature within at least a majority of the selectecksection of the formation, wherein 
the pressure is controlled as a function of temperature^r the temperature is controlled as 
a function of pressure. \ 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C\per day during 
pyrolysis. \ 

461 . The method of claim 452, wherein providing heat from the one o\more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or mbre heat 
sources, wherein the formation has an average heat capacity' (C v ), and wherein the heating 
pvTolyzes at least some hydrocarbons within the selected volume of the formation\and 
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Vherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pmt is calculated by the equation: 
PwKh*V*C Y *p B 

whereiVPMT is the heating energy /day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

462. The method of clarm 452, wherein allowing the heat to transfer comprises 
transferring heat substantiality conduction. 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

464. The method of claim 452. wherqin M^f 
hydrocarbons, and wherein about 0.1 % by wei 
condensable hydrocarbons are olefins. 

465. The method of claim 452, wherein the produced 
condensable hydrocarbons, and wherein about 0.1 % by 
of the non-condensable hydrocarbons are olefins. 

466. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 

467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 




duced mixture comprises condensable 
t to about 15 % by weight of the 




ixture compnses non- 
it to about 15 % by weight 
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468. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocatoons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tnfe condensable hydrocarbons is oxygen. 

5 469. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, ana\wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 452, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein abom 5 % by weight to about 30 % by weight of the condensable 
m hvdrocarbons comprise oxygen containing compounds, and wherein the oxygen 
1? containing compounds comprisevphenols. 

ti'l \ 

Ik \ 

h- 471 . The method of claim 452. w\erein the produced mixture comprises condensable 

111 \ 

JlJ 1 5 hydrocarbons, and wherein greater thafa about 20 % by weight of the condensable 

4= hydrocarbons are aromatic compounds. V~x 

:!! 472. The method of claim 452, wher&n/fnk produced mixture comprises condensable 

1 M \ 

=p hydrocarbons, and wherein less than about 5 wsby weight of the condensable 

j": 20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

25 \ 

474. The method of claim 452, wherein the produced mixtureVomprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % byVeight of the 
condensable hydrocarbons are cycloalkanes. \ 

30 475. The method of claim 452. wherein the produced mixture comprisessa non- 
condensable component, wherein the non-condensable component comprises^hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condbnsable component. 

476. The toethod of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greaterthan about 0.05 % by weight of the produced mixture is ammonia. 

477. The method orclaim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected sectionW the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

479. The method of claim 452, further\omprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 baK I 

480. The method of claim 452, wherein the partiakpressure of H2 is measured when the 
mixture is at a production well. \ 

48 1 . The method of claim 452, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

482. The method of claim 452, wherein controlling formation conakions comprises 
recirculating a portion of hydrogen from the mixture into the formationX 

483. The method of claim 452, further comprising: \ 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and \ 



285 



Conlev Rose & Tayon. P C 



neating a portion of the section with heat from hydrogenation. 

484. The rnethod of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

485. The method of cfcsum 452. wherein allowing the heat to transfer comprises 
increasing a permeability ot\a majority of the selected section to greater than about 100 
millidarcy. \ 

486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of claim 452, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452, wherein producmg the mixture comprises producing 
the mixture in a production well and wherein at leastabout 7 heat sources are disposed in 
the formation for each production well. \ 

489. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein threes or more of the heat 
sources are located in the formation in a unit of heat sources, andVherein the unit of heat 
sources comprises a triangular pattern. \ 

490. The method of claim 452, further comprising providing heat from\hree or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. \ 
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491 . \A method of treating a layer of a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer. 

wherein thfe one or more heat sources are positioned proximate an edge of the layer: 
allowing the heat to transfer from the one or more heat sources to a selected 
5 section of the laWr such that superimposed heat from the one or more heat sources 

pyrolyzes at least sbme hydrocarbons within the selected section of the formation: and 
producing a mixture from the formation. 

492. The method of claim\49 1 , wherein the one or more heat sources are laterally 
10 spaced from a center of the law. 

493. The method of claim 491, wherein the one or more heat sources are positioned in 
a staggered line. \ 

1 5 494. The method of claim 49 1 , wherein Wone or more heat sources positioned 
proximate the edge of the layer can increase ah amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. 

495. The method of claim 491 , wherein the one or rtiore heat sources positioned 
20 proximate the edge of the layer can increase the volumeW formation undergoing 

pyrolysis per unit of energy input to the one or more heat sources. 

496. The method of claim 491 , wherein the one or more heat\ources comprise 
electrical heaters. \ 

25 \ 

497. The method of claim 491, wherein the one or more heat sources\comprise surface 
burners. \ 

498. The method of claim 491 ; wherein the one or more heat sources compose 
30 flameless distributed combustors. \ 
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499. Yhe method of claim 491 . wherein the one or more heat sources comprise natural 
distributeoscombustors. 

500. The metntal of claim 491 , further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

501 . The method of claim 4511 , further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 .0 0 C per day during 

pyrolysis. \ 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer ^comprises: 

1 5 heating a selected volume (I 7 ) of theVoal formation from the one or more heat 

sources, wherein the formation has an avera^e^e^t capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within th^elected volume of the formation; and 
wherein heating energy/day provided to theWlume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 
20 Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day. A is an average heating rate of the 
formation, ps is formation bulk density', and wherein the hearing rate is less than about 10 
°C/day. \ 

25 503. The method of claim 491 . wherein providing heat from the otae or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

504. The method of claim 491 f wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. \ 
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505. \The method of claim 491, wherein the produced mixture comprises condensable 
hydrocaJbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 506. The methbd of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocart>ons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

507. The method of claim 491 , wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein lessijian about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouM % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is ox^ften. 

509. The method of claim 491 , wherein tWprciibrffed mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

510. The method of claim 49 1 , wherein the produced mix^bn-e comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and whererq the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491 , wherein the produced mixture comprises^condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensate 
hydrocarbons are aromatic compounds. 
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512. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbonfcscomprises multi-ring aromatics with more than two rings. 

513. The method <*f claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

514. The method of claim 49l\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 Vo by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

515. The method of claim 49 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 °Aby volume of the non-condensable 
component, and wherein the hydrogen is less man\M)ut 80 % by volume of the non- 
condensable component. I /\ 

516. The method of claim 49 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produceOJtnixture is ammonia. 

517. The method of claim 49 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

518. The method of claim 491 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

519. The method of claim 491 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure V H 2 
within the mixture is greater than about 0.5 bar. \ 
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520. The method of claim 519, wherein the partial pressure of H2 is measured when the 
mixture is^t a production well. 

521. The metnod of claim 49 1 , further comprising altering a pressure within the 
formation to inhibirproduction of hydrocarbons from the formation having carbon 
numbers greater than atout 25. 

522. The method of claim\91 , further comprising controlling formation conditions, 
wherein controlling formation cismditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

523. The method of claim 491 , further comprising: 

providing hydrogen (H 2 ) to the heatedsection to hydrogenate hydrocarbons 
within the section; and / \M 

heating a portion of the section witji^a^from hydrogenation. 

524. The method of claim 491 , wherein the produoed mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portioh of the produced hydrogen. 

525. The method of claim 491 , wherein allowing the heat totransfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

526. The method of claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

527. The method of claim 491 , further comprising controlling the heat to yielX greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer \ssay. 
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528. lW method of claim 491, wherein producing the mixture comprises producing 
the mixture^ production well, and wherein at least about 7 heat sources are disposed in 
the formation f^each production well. 

529. The method o\laim 49 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of claim 491, fitfther comprising providing heat from three or more 
heat sources to at least a portion of the tormation, wherein three or more of the heat 
sources are located in the formation in a tfrit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and Wrein a plurality of the units are repeated 
over an area of the formation to form a repetitiW^attepi of units. 

531. A method of treating a coal formation in sitik comprising: 

providing heat from one or more heat sources t<^ at least a portion of the 
formation; 

allowing the heat to transfer from the one or more ^at sources to a selected 
section of the formation; and 

controlling a pressure and a temperature within at least V majority of the selected 
section of the formation, wherein the pressure is controlled as a taction of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 531, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the fonnatiW 
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533. NThe method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

5 534. The methcxl of claim 53 1 , wherein the one or more heat sources comprise 
electrical heaters. \ 

535. The method of claim, 53 1 , wherein the one or more heat sources comprise surface 
burners. \ 

10 \ 

536. The method of claim 53 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

537. The method of claim 53 1 , wherein throne or more heat sources comprise natural 
15 distributed combustors. [ \A^/ 

538. The method of claim 531, further comprising controlling the heat such that an 
average heating rate of the selected section is less thansabout 1 °C per day during 
pyrolysis. \ 

20 \ 

539. The method of claim 53 1 , wherein providing heat fronWhe one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from throne or more heat 
sources, wherein the formation has an average heat capacity (Cv), and \herein the 
25 heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and \ 

wherein heating energy/day provided to the volume is equal to or less tnkn Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
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vyherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, \ is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541 . The method of claim S^L wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 53 1 , wherein! 
hydrocarbons having an API gravity of at li 

543. The method of claim 53 1 , wherein the procfkced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to\bout 1 5 % by weight of the 
condensable hydrocarbons are olefins. \ 

544. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

545 . The method of claim 531, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane m the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 

546. The method of claim 53 1 , wherein the produced mixture comprises condehsable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 



^e produced mixture comprises condensable 
it 25°. 
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547. Mie method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the osmdensable hydrocarbons is oxygen. 

5 548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable nydrocarbons is sulfur. 

549. The method of claim 53 l\wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % bV weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen contaihing compounds, and wherein the oxygen 
*»? containing compounds comprise phenols\ 
§ \ 

550. The method of claim 53 1 , wherein theWoduced mixture comprises condensable 

111 1 5 hydrocarbons, and wherein greater than about 213 %-bv weight of the condensable 
Its V w 

fz hydrocarbons are aromatic compounds. /\ X 

si I )( 

r--% \ 

s |= 551. The method of claim 53 1 , wherein the produced mixture comprises condensable 

11 j \ 

V iB hydrocarbons, and wherein less than about 5 % by weighKof the condensable 

\ 

p 20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

552. The method of claim 53 1 , wherein the produced mixturevcomprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of th^\condensable 
hydrocarbons are asphaltenes. \ 

25 \ 

553 . The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight V the 
condensable hydrocarbons are cycloalkanes. \ 

30 554. The method of claim 53 1 , wherein the produced mixture comprises a non-\ 
condensable component, wherein the non-condensable component comprises hydrogeh, 
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\wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
conci^nsable component. 

5 555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 



556. The method of claim 53 1 ? wherein the produced mixture comprises ammonia, and 
wherein the ammoniasis used to produce fertilizer. 

557. The method of claup 53 1 , wherein the controlled pressure is at least about 2.0 bar 
absolute. 



m 

15 

3! 

n 
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558. The method of claim 53 1 ,\further comprising controlling formation conditions to 
produce a mixture of condensable hVdrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about Oc^bar. 

559. The method of claim 53 1 , whereiiA^e partial pressure of H2 is measured when the 
mixture is at a production well. 

560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons frolji the formation having carbon 
numbers greater than about 25. 



25 561. The method of claim 531, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



562. The method of claim 53 1 , further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrog^ate hydrocarbons 
30 within the section; and 

heating a portion of the section with heat from hydrogenation^ 
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563. vhe method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensabife hydrocarbons, the method further comprising hydrogenating a portion of the 
produced conomsable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method\>f claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. \ 

565. The method of claim 531 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , furu\er comprising controlling the heat to yield greater 
than about 60 % by weight of condensabteji^rocarbons, as measured by Fischer Assay. 

567. The method of claim 53 1 , wherem praducmg the mixture comprises producing 
the mixture in a production well, and wherein aNeast about 7 heat sources are disposed in 
the formation for each production well. \ 

568. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereirt\three or more of the heat 
sources are located in the formation in a unit of heat sources^and wherein the unit of heat 
sources comprises a triangular pattern. \ 

569. The method of claim 531, further comprising providing heaifrom three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the unitsW repeated 
over an area of the formation to form a repetitive pattern of units. \ 

570. A method of treating a coal formation in situ, comprising: \ 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of thesformation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing admixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following equation for an assessed average temperature (T) in the 
selected section: \ 

\ = e [-44000 r T+ 67] 

where p is measured in psia and T is measured in ° Kelvin. 

571 . The method of claim 570, wherein the API gravity of the produced mixture is 

controlled to be greater than about 30 degrees^APfl, and wherein the equation is: 

p = e rlo^si] m 

572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and^ wherein the equation is: 

p = e f-22000,T+38] t \ 

573. The method of claim 570, wherein the one or more he^t sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources compHse 
electrical heaters. \ 
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576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. \ 

5 577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed\ombustors. 

578. The method of claihi 570, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

10 \ 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected sectionspf the formation, wherein the pressure is 
controlled as a function of temperature, V the temperature is controlled as a function of 
pressure. \ — ^ 

is K I 

580. The method of claim 570, further compmiqg controlling the heat such that an 
average heating rate of the selected section is less man about 1 °C per day during 
pyrolysis. \ 

20 581. The method of claim 570, wherein providing heat xrom the one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation froirkthe one or more heat 
sources, wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to okless than Pwr, 

wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
wherein Pwr is the heating energy/day, h is an average heating rate of th\ 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
30 °C/day. \ 
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582. (\The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 
sources comprises Wting the selected section such that a thermal conductivity of at least 
a portion of the selecte&^ection is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboutsp.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefihs. 

585. The method of claim 570, whereiikhe produced mixture comprises non- 
condensable hydrocarbons, and wherein abota 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins^ 

586. The method of claim 570, wherein the produred mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whenScalculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

588. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an\tomic 
basis, of the condensable hydrocarbons is sulfur. \ 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbohs, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of cWn 570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereimgreater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

593. The method of claim 570, whereirktnk^oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

594. The method of claim 570, wherein the produceXmixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about\J0 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

595. The method of claim 570, wherein the produced mixtureVomprises a non- 
condensable component, wherein the non-condensable componenrcomprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volufne of the non- 
condensable component. \ 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonik 
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597. "\The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein tne ammonia is used to produce fertilizer. 

598. The metnlSKi of claim 570, further comprising controlling formation conditions to 
5 produce a mixture ofxondensable hydrocarbons and H2, wherein a partial pressure of H: 

within the mixture is greater than about 0.5 bar. 

599. The method of clainr570, wherein the partial pressure of H2 is measured when the 
mixture is at a production welP 
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600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



•t£ 15 601 . The method of claim 570, wherein controlling formation conditions comprises 



recirculating a portion of hydrogen from the mixture into the formation. 

602. The method of claim 570, further comprising: 

providing hydrogen (H 2 ) to the heated section to JWdrogenate hydrocarbons 



H 20 within the section; and 

heating a portion of the section with heat from hydrogeWion. 

603. The method of claim 570, wherein the produced mixture coiWises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

604. The method of claim 570, wherein allowing the heat to transfer comprise 
increasing a permeability of a majority of the selected section to greater than about\00 
millidarcy. 

30 
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605. s/The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heal is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

607. The method of claim 570. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

608. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the ibrmation, wherein three or more of the heat 
sources are located in the formation in a uhit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. a\ 

609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wierein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (7) 
in a substantial part of the heated portion exceeds 270 °C and hydrocarbons are pyrolyzed 
within the heated portion of the formation; \ 

controlling a pressure (p) within at least a substantial part of the\eated portion of 
the formation; \ 

wherein p bar > e [< - A/T) + * " 2 6744] • \ 

wherein/? is the pressure in bar absolute and T is the temperature in degrees K, 
and A and B are parameters that are larger than 10 and are selected in relation to the\ 
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characteristics and composition of the coal formation and on the required olefin content 
aiKkearbon number of the pyrolyzed hydrocarbon fluids; and 

\producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number loWfcr than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein 7* is less than about 390 °C, p is greater than 
about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than\0 % by weight of olefins. 

613. The method of claim 6 1 0, wherem T is less than about 390 °C, p is greater than 
about 2 bar, A is less than about 57000, ancKb is less than about 83, and a majority of the 
produced pyrolyzed hydrocarbon fluids have an average carbon number lower than about 

21. ATT 

614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. \ 

615. The method of claim 610, wherein providing heat from tn& one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wh^ein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less thkn Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
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.wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation^* is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. \ 

617. The method of claims^ 1 6, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the coal formation adjacent 
to a heater by an oxidant injecteo\into the heater in or adjacent to which the combustion 
occurs and wherein at least part of the produced combustion gases are vented to surface 
via the heater in which the combustion occurs. 

618. The method of claim 617, whereikheat is transferred substantially by conduction 
from one or more heat sources to the heatedSportion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/mx and the permeability of said part 
increases substantially uniformly to a value greatersthan 1 Darcy. 

619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2) wherein \partial pressure of H 2 within 
the mixture flowing through the formation is greater than O.kBar. 

620. The method of claim 619, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation . \ 

621 . The method of claim 610, wherein the coal formation is a coal seEtf& and at least 
about 70% of the hydrocarbon content of the coal, when such hydrocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the format^ 
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622. \The method of claim 610, wherein the substantially gaseous pyrolyzed 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a weUbore of the production well to inhibit condensation of the hydrocarbon 
5 fluids within tnk wellbore. 



Hi 15 
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623. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

10 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation to raise^fcn average temperature within the selected section to, or 
above, a temperature that will pyroiyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling averake pressure and average temperature in the 
selected section such that the average pressun^inlhe selected section is greater than the 
pressure (p) set forth in the following equat/on rig^^an assessed average temperature (7) in 
the selected section: 

p = e [-57000 7 ^\3J 

where p is measured in psia and T is measured in 6 Kelvin. 

624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be less than about 10 % by w^ght, and wherein the 

25 equation is: 

p = e H6000/T+28] 



20 
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625. The method of claim 623, wherein the weight percentage of olefinXpf the 
produced mixture is controlled to be less than about 5 % by weight, and whe\in the 
equation is: 

p = € [-12000 7 -22] 
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626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heats^ources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes aHeast some hydrocarbons within the selected section of the formation. 

5 627. The methocrof claim 623, wherein the one or more heat sources comprise 
electrical heaters. \ 

628. The method of clainr623, wherein the one or more heat sources comprise surface 
burners. \ 

629. The method of claim 623, wnerein the one or more heat sources comprise 
flameless distributed combustors. \ 

630. The method of claim 623, wherein the one or more heat sources comprise natural 
15 distributed combustors. X / 

63 1 . The method of claim 623, further comjmsing controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperantre is controlled as a function of 

20 pressure. \ 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

25 \ 

633. The method of claim 623, further comprising controlling the heat\uch that an 
average heating rate of the selected section is less than about 3.0 °C per da\\uring 
pyrolysis. \ 
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634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least Apportion of formation comprises: 

heating a selectedwolume {V) of the coal formation from the one or more heat 
sources, wherein the formatfqn has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/daj\provided to the volume is equal to or less than Pvt. 
wherein Pwr is calculated by the equkion: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/aay, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. A^)) 

636. The method of claim 623, wherein allowing tlVheat to transfer comprises 
transferring heat substantially by conduction. \ 

637. The method of claim 623, wherein providing heat fromOhe one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m\°C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the \ 
condensable hydrocarbons are olefins. \ 



308 



Conlcy. Rose & Tayon. P C. 



640. Th^method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, ahd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

642. The method of claim 623, whefcein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weighty when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / \ A 

644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wh\n calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

645. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight oMhe condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

646. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable \ 
hydrocarbons are aromatic compounds. \ 
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647. ixhe method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbon^ and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

648. The method ofdaim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene$. 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %sby weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkahes. 

650. The method of claim 623, wherein the^produced mixture comprises a non- 
condensable component, wherein the non-conde\sable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bVvolume of the non-condensable 
component, and wherein the hydrogen is less than abpfiTSO % by volume of the non- 
condensable component. / VV 

65 1 . The method of claim 623 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mkture is ammonia. 

652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

653. The method of claim 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial presWe of H 2 
within the mixture is greater than about 0.5 bar. \ 

654. The method of claim 623 , wherein the partial pressure of H 2 is measured whence 
mixture is at a production well. ^ 
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655. The method of claim 623, further comprising altering a pressure within the 
formations inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portiota of hydrogen from the mixture into the formation. 

657. The method of clairn 623, further comprising: 

providing hydrogen (Ho) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the sectifcm with heat from hydrogenation. 

658. The method of claim 623, whereinthe produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at leasLa.portion of the produced hydrogen. 

659. The method of claim 623, wherein allowing tn^heat to transfer comprises 
increasing a permeability of a majority of the selected se&ion to greater than about 100 
millidarcy. \ 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623, further comprising controlling the heatNto yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

662. The method of claim 623, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 
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663. the method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises^ triangular pattern. 

664. The method of cWn 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heats^urces to at least a portion of the 

formation; / \ A 

allowing the heat to transfer from tWones^rmore heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and \ 

controlling hydrocarbons having carbon numberssgreater than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 

temperature (7) in the selected section: \ 

p = e (-J400orr + 25] \ 

where p is measured in psia and T is measured in 0 Kelvin. \ 

666. The method of claim 665, wherein the hydrocarbons having carbon nur 
greater than 25 of the produced mixture is controlled to be less than about 20 °/ 
weight, and wherein the equation is: 

= e H 60007 +28] 
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667. XRie method of claim 665, wherein the hydrocarbons having carbon numbers 
greater thfi^25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and \^erein the equation is: 

= e H80MT-32] 

668. The method of cWm 665, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



10 669. The method of claim 665, whte^ein the one or more heat sources comprise 
electrical heaters. 

670. The method of claim 665. wherein thes^ne or more heat sources comprise surface 
burners. 
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671 . The method of claim 665, wherein the one or\nore heat sources comprise 
flameless distributed combustors. 



Ill 



672. The method of claim 665, wherein the one or more he^t sources comprise natural 
20 distributed combustors. 



25 



673. The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled a^a function of 
pressure. 
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674. The method of claim 673 , wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature N 
range. 
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675. Yhe method of claim 665, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selecteawolume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrociu-bons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

p wr ^ h*V*C v *p B \ 

wherein Pwr is the heating energyMay, h is an average heating rate of the 
formation, p B is formation bulk density, andVherein the heating rate is less than about 1 0 
°C/day. 

677. The method of claim 665, wherein allowing tneJieat to transfer comprises 
transferring heat substantially by conduction. \ 

678. The method of claim 665, wherein providing heat frbm the one or more heat 
sources comprises heating the selected section such that a thertnal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

680. The method of claim 665, wherein the produced mixture comprises cohdensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of thk 
condensable hydrocarbons are olefins. \ 



314 



Conlcy. Rose & Tayon, P C 



68 1 . YThe method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensabRs hydrocarbons ranges from about 0.001 to about 0.15. 

682. The metnod of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, andVherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

683. The method of claun 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

684. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons lissulfcr. 

685. The method of claim 665, whereiiUn^Woduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to\about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

686. The method of claim 665, wherein the producecl mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

687. The method of claim 665, wherein the produced mixturV comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two nhgs. 
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688. YThe method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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690. The method of oiaim 665, wherein the produced mixture comprises a non- 
condensable component, Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grater than about 10 % by volume of the non-condensable 
component, and wherein the Hydrogen is less than about 80 % by volume of the non- 
condensable component. 



691 . The method of claim 665, wwerein i 
wherein greater than about 0.05 % by 



sroduced mixture comprises ammonia, and 
\ of the produced mixture is ammonia. 



692. The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

693. The method of claim 665, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and \ 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



25 694. The method of claim 665, wherein the partial pressur\of H 2 is measured when the 
mixture is at a production well. 



30 



695. The method of claim 665, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation havhjg carbon 
numbers greater than about 25. 
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696. "^Xhe method of claim 665, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the s^ticftK and 

heating a potion of the section with heat from hydrogenation. 

697. The method of claihi 665, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, tn& method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. The method of claim 665, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority orthe selected section to greater than about 100 
millidarcy. 

699. The method of claim 665, wherein aUg>vi^WieJieat to transfer comprises 
substantially uniformly increasing a permeability oXa majority of the selected section. 

700. The method of claim 665, further comprising comrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, \s measured by Fischer Assay. 

701. The method of claim 665, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

702. The method of claim 665, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more \f the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

703. The method of claim 665, further comprising providing heat from three o\more 
heat sources to at least a portion of the formation, wherein three or more of the hea\ 
sources are located in the formation in a unit of heat sources, wherein the unit of heat\ 
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sWces comprises a triangular pattern, and wherein a plurality of the units are repeated 
over ahsarea of the formation to form a repetitive pattern of units. 

704. A metntoi of treating a coal formation in situ, comprising: 
providing neat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat 10 transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1 .7 by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equatippfoij an assessed average temperature (7) in 
the selected section: 

p = \ 
where p is measured in psia and T is measured in 0 Kelvin. 

705. The method of claim 704, wherein the atomic hyorogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8\and wherein the equation is: 

p = e f-13000,T+24] \ 

706. The method of claim 704, wherein the atomic hydrogen to\carbon ratio of the 

produced mixture is controlled to be greater than about 1 .9, and wherein the equation is: 

p = e [-800orr-i8] \ 

707. The method of claim 704, wherein the one or more heat sources cokiprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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708. (Xhe method of claim 704, wherein the one or more heat sources comprise 
electrical n&aters. 



709. The metnfe*d of claim 704, wherein the one or more heat sources comprise surface 
burners. \ 

710. The method of claim 704, wherein the one or more heat sources comprise 
flameless distributed combukors. 

711. The method of claim 704, ^herein the one or more heat sources comprise natural 
distributed combustors. \ 

712. The method of claim 704, furthercomprising controlling a temperature within at 
least a majority of the selected section of tnfe formation, wherein the pressure is 
controlled as a function of temperature, or the\temperature is controlled as a function of 
pressure. f \| 

713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 V per day during 
pyrolysis. \ 

715. The method of claim 704, wherein providing heat from the one\)r more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or ikore heat 
sources, wherein the formation has an average heat capacity (C v ) s and wherein \he heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation>vand 
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n wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
wherem Pmt is calculated by the equation: 
Xr = A*K*C v *p* 

wherlrin Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B iWormation bulk density, and wherein the heating rate is less than about 10 

°C/day. \ 

716. The method of cl^m 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

717. The method of claim 704,\vherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wheremtiw\^roduced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abfcut 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

720. The method of claim 704, wherein the produced mixturescomprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight toVbout 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

721 . The method of claim 704, wherein the produced mixture comprise^ion- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 
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722. T^e method of claim 704, wherein the produced mixture comprises condensable 
hydrocarboM^and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The method orclaim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method of claim 704 /Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanVbout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons^s sulfur. 

725. The method of claim 704, wherein tnfeproduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight /oN^bQirt 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two ringsv 

728. The method of claim 704, wherein the produced mixture comprises\pndensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable^hydrocarbons are cycloalkanes. 

730. The methoa\of claim 704, wherein the produced mixture comprises a non- 
condensable componehi, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grater than about 1 0 % by volume of the non-condensable 
component, and wherein the ^hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

73 1 . The method of claim 704, wnerein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

732. The method of claim 704, wherein t^e produced mixture comprises ammonia, and 
wherein the ammonia is used to produceTCrtmpr\ 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons anasH2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

734. The method of claim 704, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. \ 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formationhaving carbon 
numbers greater than about 25. \ 

736. The method of claim 704, wherein controlling formation conditions^comprises 
recirculating a portion of hydrogen from the mixture into the formation. \ 

737. The method of claim 704, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

738. The methbd of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim\704, wherein allowing the heat to transfer comprises 
increasing a permeability of a nuyority of the selected section to greater than about 100 
millidarcy. \ 

740. The method of claim 704, whereui allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or nu>re of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

744. The method of claim 704, further comprising providing heat from three^or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heaK 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
an area of the formation to form a repetitive pattern of units. 
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745. iVmethod of treating a coal formation in situ, comprising: 
5 proviHmg heat from one or more heat sources to at least one portion of the 

formation; 

allowing thereat to transfer from the one or more heat sources to a selected 
section of the formation 

controlling a pressilre-temperature relationship within at least the selected section 
10 of the formation by selected ehergy input into the one or more heat sources and by 
pressure release from the selected, section through wellbores of the one or more heat 
sources; and 

producing a mixture from the formation. 

1 5 746. The method of claim 745, whereiri the dne or more heat sources comprise at least 
two heat sources, and wherein superpositipnyofcbeat g- om a t i eas t the two heat sources 
pyrolyzes at least some hydrocarbons within the Selected section of the formation. 



747. The method of claim 745, wherein the one or m^re heat sources comprise at least 
20 two heat sources. 

748. The method of claim 745, wherein the one or more heat^urces comprise surface 
burners. 

25 749. The method of claim 745, wherein the one or more heat sources cbqiprise 
flameless distributed combustors. 

750. The method of claim 745, wherein the one or more heat sources comprise natural 
distributed combustors. 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relations*}*?) by controlling a rate of removal of fluid from the formation. 

752. The metfWl of claim 745, further comprising controlling the heat such that an 
average heating rattrof the selected section is less than about 1 °C per day during 
pyrolysis. \ 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Kof the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day providedto the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: [ 

Pwr = h*V*C v *p B \A 

wherein Pwr is the heating energy/dayvJ^an^verage heating rate of the 
formation, p B is formation bulk density, and wherein the ^eating rate is less than about 1 0 

°C/day. \ 

754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

755. The method of claim 745, wherein providing heat from the one or rtaore heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 
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757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensablVhydrocarbons are olefins. 

758. The metho^pf claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

760. The method of claim 745, whereiivtiteOToduced mixture comprises condensable 



hydrocarbons, and wherein less than aboujt r% b: 
basis, of the condensable hydrocarbons is Vmpgen 



weight, when calculated on an atomic 
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761 . The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weighs when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when emulated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



763. The method of claim 745, wherein the produced mixture comprises\ondensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the cdndensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. .The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbon^are aromatic compounds. 

765. The methockof claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises^multi-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesslhan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byWight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesv 

768. The method of claim 745, wherein^the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by Volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

769. The method of claim 745, wherein the produced mixtur\comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixV-e is ammonia. 

770. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 

771 . The method of claim 745, further comprising controlling a pressure withiVat least 
a majority of the selected section of the formation, wherein the controlled pressure is^m 
least about 2.0 bar absolute. \ 
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772. V The method of claim 745, further comprising controlling formation conditions to 
produce\mixture of hydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixture Is greater than about 0.5 bar. 

773. The methoilof claim 745, further comprising controlling formation conditions to 
produce a mixture of\ondensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. \ 

775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. V-x 

776. The method of claim 745, wherein\^onnmling formation conditions comprises 
recirculating a portion of hydrogen from the mixttu-e into the formation. 

777. The method of claim 745, further comprising: \ 

providing hydrogen (H2) to the heated section to nydrogenate hydrocarbons 
within the section; and \ . 

heating a portion of the section with heat from hydrogenation. 

778. The method of claim 745, wherein the produced mixture conrorises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenaung a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

779. The method of claim 745, wherein allowing the heat to transfer compiles 
increasing a permeability of a majority of the selected section to greater than aboutO 00 
millidarcy. \ 
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780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

78 1 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by^weight of condensable hydrocarbons, as measured by Fischer Assay. 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

783. The method of claim 745, further comprising providing heat from three or more 
heat sources . to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uim^oJIheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \[ \ 

784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whWin three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a coal formation in situ, comprising\ 

heating a selected volume (V) of the coal formation, wherein formation has an average 
heat capacity (C v ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
wherein Pwr is the heating energy/day, h is an average heating rate of the formkion, 
p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day\ 
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786: \The method of claim 785, wherein heating a selected volume comprises heating 
with an e&ctrical heater. 

787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 

788. The method of ciaim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 

789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority oftiie selected volume of the formation, wherein 
the pressure is controlled as a function of ttapp$rature, or the temperature is controlled as 
a function of pressure. f \ A 

791 . The method of claim 785, further comprising controlling the heating such that an 
average heating rate of the selected volume is less man about 1 °C per day during 
pyrolysis. \ 

792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation^ 

793. The method of claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. \ 

794. The method of claim 785, wherein heating the selected volume compri sweating 
the selected section such that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and \herein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

797. The method of claims785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and\wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a Violar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abou\o.001 to about 0.15. 



799. The method of claim 785, wherein th 



produced mixture comprises condensable 



hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, wherein the produced mixWe comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whe\calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

801 . The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculateaspn an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
cbntaining compounds comprise phenols. 



803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

804. The method ofdaim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and whereita less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 03 % by weight of the condensable 
hydrocarbons are asphaltenes. /\ jr" 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by vbJume of the non- 
condensable component. \ 

808. The method of claim 785, wherein the produced mixture comprises ahunonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonte. 

809. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 
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810. \The method of claim 785, further comprising controlling a pressure within at least 
a majoritysof the selected volume of the fonnation, wherein the controlled pressure is at 
least about ZX) bar absolute. 

811. The methoXpf claim 785 , further comprising controlling formation conditions to 
produce a mixture frohi the formation comprising condensable hydrocarbons and H:, 
wherein a partial pressing of U 2 within the mixture is greater than about 0.5 bar. 

812. The method of claim 7$5 , wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. A j\ 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, further comprising: \ 

providing hydrogen (H2) to the heated volume to \ydrogenate hydrocarbons 
within the volume; and \ 

heating a portion of the volume with heat from hydrogenation. 

816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenatW a portion of the 
produced condensable hydrocarbons with at least a portion of the produce&Jiydrogen. 

817. The method of claim 785, further comprising increasing a permeability ofa. 
majority of the selected volume to greater than about 100 millidarcy. 



333 



Conlcy. Rose & Tayon, P C 



5 



10 



□ 



O 

a* 3 



818. The method of claim 785, further comprising substantially uniformly increasing a 
permeabiliK of a majority of the selected volume. 

819. The methbd of claim 785, further comprising controlling the heat to yield greater 
than about 60 % byWeight of condensable hydrocarbons, as measured by Fischer Assay. 

820. The method of cUrim 785, wherein producing the mixture comprises producing 
the mixture in a productio\well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



821. The method of claim 785\further comprising providing heat from three or more 
heat sources to at least a portion oftiie formation, wherein three or more of the heat 
'?? sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
\~h sources comprises a triangular pattern. 



m 15 

'F 822. The method of claim 785, fij^erx^prising providing heat from three or more 
heat sources to at least a portion of the form^oVi, wherein three or more of the heat 

sources are located in the formation in hgtit o\heat sources, wherein the unit of heat 

flJ \\ 

il sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

\ r • 

s B f 20 over an area of the formation to form a repetitive pattern of units. 

823. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to aUeast a portion of the 
formation; 

25 allowing the heat to transfer from the one or more heat^ources to a selected 

section of the formation to raise an average temperature within th&selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such th^t an average 
heating rate of the selected section rises by less than about 3 °C per day wh^the average 

30 temperature of the selected section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the selected section; and 
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\producing a mixture from the formation. 

824. TheWthod of claim 823, controlling heat output comprises: 

raisin^the average temperature within the selected section to a first temperature 
that is at or abov^a minimum pyrolysis temperature of hydrocarbons within the 
formation; \ 

limiting energy ihput into the one or more heat sources to inhibit increase in 
temperature of the selectecTsection; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when production of formation fluid declines 
below a desired production rate. \ 

825. The method of claim 823, controlling heat output comprises: 

raising the average temperature wiuun the selected section to a first temperature 
that is at or above a minimum pyrolysis temrerattire of hydrocarbons within the 
formation; / V \ 

limiting energy input into the one or mcfre iieat sources to inhibit increase in 
temperature of the selected section; and \ 

increasing energy input into the formation to rase an average temperature of the 
selected section above the first temperature when qualityspf formation fluid produced 
from the formation falls below a desired quality. \ 

826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. \ 

827. The method of claim 823, wherein the one or more heat sources corcmrise 
electrical heaters. \ 

828. The method of claim 823, wherein the one or more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more heat sources comprise 
flameless\distributed combust ors. 

5 830. The method of claim 823, wherein the one or more heat sources comprise natural 
distributed combtetors. 

83 1 . The method ofixlaim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
10 the pressure is controlled a^a function of temperature, or the temperature is controlled as 
a function of pressure. 



*i* 832. The method of claim 823, wherein the heat is controlled that an average heating 

ill rate °f ^ e selected section is less thWi about 1 .5 °C per day during pyrolysis. 

m 15 ~ 

,i 833. The method of claim 823, ^hereWtfte heat is controlled that an average heating 

^: rate of the selected section is less than about 1 *G-per day during pyrolysis. 

;c : 
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834. The method of claim 823, wherein providing heat from the one or more heat 
I s8 " 20 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity, (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected. volume of the formation; and 
wherein heating energy/day provided to the volum\is equal to or less than Pwr, 
25 wherein Pwr is calculated by the equation: 
Pwr = /i*F*C v % 

wherein Pwr is the heating energy/day, h is an average heathjg rate of the 
formation, p B is formation bulk density. 

30 835. The method of claim 823, wherein allowing the heat to transfer compH^es 
transferring heat substantially by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources\omprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein a^out 0.1 % by weight to about 15 % by weight of the 

m condensable hydrocarbons are olefins. 

Ill 839. The method of claim 823, wherein the produced mixture comprises condensable 

\"* hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

III \ 

0;1 1 5 about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
'* ,a is greater than about 0. 1 % by weight oftnfe c&ndensable hydrocarbons. 

j|] 840. The method of claim 823, whereirfthe produced mixture comprises non- 
! f = condensable hydrocarbons, wherein a molar ratio\of ethene to ethane in the non- 
j e L 20 condensable hydrocarbons is less than about 0. 1 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . \ 

841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of etnene to ethane in the non- 
25 condensable hydrocarbons is less than about 0.10 and whereinOhe ratio of ethene to 

ethane is greater than about 0.001 . \ 

842. The method of claim 823, wherein the produced mixture composes non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane mi the non- 
30 condensable hydrocarbons is less than about 0.05 and wherein the ratio of ethane to 

ethane is greater than about 0.001 . ^ 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocartxms, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tn& condensable hydrocarbons is nitrogen. 

5 \ 

844. The methodyof claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and whferein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable iwdrocarbons is oxygen. 

10 845. The method of claim 82\ wherein the produced mixture comprises condensable 
i~\ hydrocarbons, and wherein less thaft about 1 % by weight, when calculated on an atomic 

'M basis, of the condensable hydrocarbons is sulfur. 

Wl ' \ 

\ 

!»! 846. The method of claim 823, wherein the produced mixture comprises condensable 

i y \ 

Ul 15 hydrocarbons, wherein about 5 % by weight tbabout 30 % by weight of the condensable 

]p hydrocarbons comprise oxygen containing expounds, and wherein the oxygen 

&f containing compounds comprise phenols. ( V \ 

111 \ 

%: 847. The method of claim 823, wherein the produce) 

|«b 20 hydrocarbons, and wherein greater than about 20 % by 
hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixtur^comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

25 hydrocarbons comprises multi-ring aromatics with more than two rings. 

849. The method of claim 823, wherein the produced mixture comprise^condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensabk 
hydrocarbons are asphaltenes. \ 

30 \ 




mixture comprises condensable 
ight of the condensable 
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850. vThe method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensabl ^hydrocarbons are cycloalkanes. 

851. The methoXof claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein th\hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by\weight of the produced mixture is ammonia. 

853. The method of claim 823, whereimthe produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, ^Herein the controlled pressure is at 
least about 2.0 bar absolute. \ 

855. The method of claim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wBerein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. \ 

856. The method of claim 823, wherein the partial pressure of HVis measured when the 
mixture is at a production well. \ 

857. The method of claim 823, further comprising altering a pressure wkhin the 
formation to inhibit production of hydrocarbons from the formation having Carbon 
numbers greater than about 25 . \ 
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858. method of claim 823, wherein controlling formation conditions comprises 
recirculating^ portion of hydrogen from the mixture into the formation. 

859. The method^of claim 823, further comprising: 
5 providing H2 tos^he heated section to hydrogenate hydrocarbons within the 

section; and 

heating a portion of th\ section with heat from hydrogenation. 

860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the metiiocKiurther comprising hydrogenating a portion of the 

produced condensable hydrocarbons witnSat least a portion of the produced hydrogen. 



jjj 861 . The method of claim 823, wherein alloWiijgthe heat to transfer comprises 

?[ increasing a permeability of a majority of the s^le^tqfi section to greater than about 100 

15 millidarcy. 



862. The method of claim 823, wherein allowing the lieat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

25 the formation for each production well. 

865. The method of claim 823, further comprising providing heat from threesor more 
heat sources to at least a portion of the formation, wherein three or more of the hesrt 
sources are located in the formation in a unit of heat sources, and wherein the unit ofh^at 

30 sources comprises a triangular pattern. 
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866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources areiocated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of thevformation to form a repetitive pattern of units. 

867. A method of treating a coal formation in situ, comprising: 
providing heat from\one or more heat sources to at least a portion of the 

formation; to heat a selected Action of the formation to an average temperature above 
about 270 °C; \ 

allowing the heat to transfenfrom the one or more heat sources to the selected 
section of the formation; \ 

controlling the heat from the oneSor more heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 

producing a mixture from the formatW> 

868. The method of claim 867, wherein ^/onkor more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherein the one or mote heat sources comprise 
electrical heaters. \ 

870. The method of claim 867, further comprising supplying electricity to the electrical 
heaters substantially during non-peak hours. \ 

871 . The method of claim 867, wherein the one or more heat sources comprise surface 
burners. \ 

872. The method of claim 867, wherein the one or more heat sources corcmrise 
flameless distributed combustors. \ 
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873. \The method of claim 867, wherein the one or more heat sources comprise natural 
distributeovcombustors. 

874. The method of claim 867, further comprising controlling a pressure and a 
temperature within abreast a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

875. The method of claim 8o7, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim 867, whereVlRe heat is further controlled that an average 
heating rate of the selected section is less man about 1 .5 °C per day during pyrolysis. 

877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less\than about 1 °C per day during 
pyrolysis. \ 

878. The method of claim 867, wherein providing hekt from the one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (JO of the coal formation irom the one or more heat 
sources, wherein the formation has an average heat capacity 0C V ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is eqiwl to or less than Pwr. 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate^of the 
formation, p B is formation bulk density. \ 
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879. The method of claim 867, wherein allowing the heat to transfer comprises 
transfenring heat substantially by conduction. 

880. The metitod of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881 . The method of claim tK>7, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % E>y weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

883. The method of claim 867, wherein tl^ej^aduced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. l\% by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

884. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of etheneyto ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . \ 

885. The method of claim 867, wherein the produced mixture coiWises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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887. wie method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

888. The methocKpf claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, whereih about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

889. The method of claim 867V wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater\han about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 867, wh^ein\ne\produced mixture comprises condensable 
hydrocarbons, and wherein less than about/5Yo\by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wthrtnore than two rings. 

891 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

892. The method of claim 867, wherein the produced mixrare comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 %\y weight of the 
condensable hydrocarbons are cycloalkanes. \ 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component compr&es hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the rkm- 
condensable component. 
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894C\ The method of claim 867, wherein the produced mixture comprises ammonia, and 
whereinvgreater than about 0.05 % by weight of the produced mixture is ammonia. 

895. The snethod of claim 867, wherein the produced mixture comprises ammonia, and 
5 wherein the anunonia is used to produce fertilizer. 

896. The methoa\pf claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

1 0 least about 2 . 0 bar absolute . 
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897. The method of claim\867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



898. The method of claim 89P 
mixture is at a production well. 



wherein the partial pressure of H 2 is measured when the 
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899. The method of claim 867, further comprising altering a pressure within the 
20 formation to inhibit production of hydrocar^ns from the formation having carbon 
numbers greater than about 25. 



900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixturednto the formation. 

901 . The method of claim 867, further comprising: 
providing hydrogen (H 2 ) to the heated section to hy^rogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenkion. 
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902. V The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensate hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

903. The method oi^kim 867, wherein allowing the heat to transfer comprises 
increasing a permeability dfVa majority of the selected section to greater than about 100 
millidarcy. \ 

904. The method of claim 867, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim 867, furthfer coritortsing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

906. The method of claim 867, wherein producing^the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

907. The method of claim 867, further comprising providingsheat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the fi^at 
sources are located in the formation in a unit of heat sources, wherein the unit of heaK 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

909. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation 

allo&mg the heat to transfer from the one or more heat sources to a selected 
section of the fonnation; 

producing a\mixture from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 

controlling heat in^ut to raise the monitored temperature at a rate of less than 
about 3 °C per day. 



m 

111 

m 



10 910. The method of claim 909, Vherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons widiin the selected section of the formation. 

911. The method of claim 909, wherein thkpne^or more heat sources comprise 
15 electrical heaters. 



912. The method of claim 909, wherein the one oXmQre heat sources comprise surface 
burners. 

20 913. The method of claim 909, wherein the one or more neat sources comprise 
flameless distributed combustors. 



25 



914. The method of claim 909, wherein the one or more heat souses comprise natural 
distributed combustors. 

915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, Vherein 
the pressure is controlled as a function of temperature, or the temperature is contrived as 
a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of tne selected section is less than about 1 °C per day during pyrolysis. 

917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least tt^e portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Vjuation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating enefcey/day, h is an average heating rate of the 
formation, p B is formation bulk density. \ 

918. The method of claim 909, wherein allbwing the heat to transfer comprises 
transferring heat substantially by conduction. 

9 1 9. The method of claim 909, wherein providing n$4t from the one or more heat 
sources comprises heating the selected section such mat a thermal conductivity of at least 
a portion of the selected section is greater than about 0\5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

921 . The method of claim 909, wherein the produced mixture\comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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Condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
etWie is greater than about 0.001 . 

923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons\and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

924. The method ofdaim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

925. The method of claim 909,Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tharkabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

926. The method of claim 909, wherein\h<* produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by wWgnt\o\bout 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % byvweight of the condensable 
hydrocarbons are aromatic compounds. \ 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of thV condensable 
hydrocarbons comprises multi-ring aromatics with more than twoNings. 

929. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensaktle 
hydrocarbons are asphaltenes. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

93 1 . The metnhd of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen issgreater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by Veight of the produced mixture is ammonia. 

933. The method of claim 909, whereirrme produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertiiizyA 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, \herein the controlled pressure is at 
least about 2.0 bar absolute. \ 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

936. The method of claim 935, wherein the partial pressure of H2 measured when the 
mixture is at a production well. \ 

937. The method of claim 909, further comprising altering a pressure withuuhe 
formation to inhibit production of hydrocarbons from the formation having carboik 
numbers greater than about 25. \ 
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938. , The method of claim 909, wherein controlling formation conditions comprises 
recircufsrting a portion of hydrogen from the mixture into the formation. 

5 939. The mbftod of claim 909, further comprising: 

providing^ t0 the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portioh^f the section with heat from hydrogenation. 

10 940. The method of claim ^09, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the naethod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941 . The method of claim 909, wherein allowing the heat to transfer comprises 
15 increasing a permeability of a majority of tk^e selected section to greater than about 100 
millidarcy. 
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942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a, majority of the selected section. 

943. The method of claim 909, further comprising continuing the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, assmeasured by Fischer Assay; 



944. The method of claim 909, wherein producing the mixture^comprises producing 
25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

the formation for each production well. 

945. The method of claim 909, further comprising providing heat from thrbe or more 
heat sources to at least a portion of the formation, wherein three or more of the n$at 

30 sources are located in the formation in a unit of heat sources, and wherein the unit ofs^eat 
sources comprises a triangular pattern. 
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946. hhe method of claim 909, further comprising providing heat from three or more 
heat sourcefcto at least a portion of the formation, wherein three or more of the heat 
sources are lobated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprise^* triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

947. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support oxidation 
of hydrocarbons within the portion, wherein the portion is located substantially adjacent 
to a wellbore; \ 

flowing an oxidant through \ conduit positioned within the wellbore to a heat 
source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons and the\>xidant; 

reacting a portion of the oxidant writh hydrocarbons to generate heat; and 

transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of^kfflydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 

949. The method of claim 947, wherein the condui\ comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. \ 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. \ 

95 1 . The method of claim 947, further comprising removing exoess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zofte. 
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952. The method of claim 947, further comprising transporting the oxidant from the 
conduit tathe heat source zone substantially by diffusion. 

953. The mtrfhod of claim 947, further comprising heating the conduit with reaction 
5 products being removed through the wellbore. 

954. The method of cWn 947, wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 9\7, wherein the oxidant comprises air. 

10 

0 956. The method of claim 947, v^erein the oxidant comprises a fluid substantially free 
$j of nitrogen. 



Ill 957. The method of claim 947, further < 



ill 



I* 15 maintain a temperature of the heat source/ 



sing limiting an amount of oxidant to 
ftess than about 1200 °C. 



958. The method of claim 947, whereia]ipating\th£ portion of the formation comprises 

n 

-■•I electrically heating the formation. 

0 

20 959. The method of claim 947, wherein heating the pokion of the formation comprises 
heating the portion using exhaust gases from a surface burnt 

. .960. The method of claim 947, wherein heating the portion of^je formation comprises 
heating the portion with a flameless distributed combustor. 

25 

961 . The method of claim 947, further comprising controlling a pressur^\and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

30 
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1 y 1 5 heating a portion of the pyrolysis zone with heat from hydrogenation. 

ca 
n 

966. The method of claim 947, wherein trafisferfthg generated heat comprises 
increasing a permeability of a majority of th^ pyrosis zone to greater than about 100 
millidarcy. 



962. i\he method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 

5 pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5^W/(m °C). 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone\>f the formation, wherein the controlled pressure is at 

10 . least about 2.0 bar absolute. 

965. The method of claim 947, further comprising: 
providing hydrogen (H 2 ) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 
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967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
25 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. The method of claim 947, wherein the wellbore is located aloijg strike to reduce 
pressure differentials along a heated length of the wellbore. 

30 970. The method of claim 947, wherein the wellbore is located along strikeVjncrease 
uniformity of heating along a heated length of the wellbore. 
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971 . \The method of claim 947, wherein the wellbore is located along strike to increase 
control of^heating along a heated length of the wellbore. 

972. A metho&of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons withih the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; \ 

allowing heat to transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone: 
and \ 

removing reaction products suchihat the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972, wherein h^me^the portion of the formation comprises 
raising the temperature of the portion above about\pO °C. 

974. The method of claim 972, wherein heating the potion of the formation comprises 
electrically heating the formation. \ 

975. The method of claim 972, wherein heating the portion of thVformation comprises 
heating the portion using exhaust gases from a surface burner. \ 

976. The method of claim 972, wherein the conduit comprises critical flow oHfices. the 
method further comprising flowing the oxidant through the critical flow orifices to tfefc. 
heat source zone. 
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977. \The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zone though the wellbore. 

978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhilsrit transport of the oxidant to the pyrolysis zone. 

979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of claim 972, wherein the conduit is located within a wellbore. the 
method further comprising heating the cimduit with reaction products being removed 
through the wellbore to raise a temperaturesof the oxidant passing through the conduit. 



981 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 



982. The method of claim 972, wherein thA oxidant cornprises air 




983. The method of claim 972, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhkyts production 
of oxides of nitrogen. 



986. The method of claim 972, wherein heating a portion of the formation to a^ 
temperature sufficient to support oxidation of hydrocarbons within the portion fiirthe* 
comprises heating with a flameless distributed combustor. 
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987. (\The method of claim 972, further comprising controlling a pressure and a 
temperarure within at least a majority of the pyrolysis zone of the formation* wherein the 
pressure isVontrolled as a function of temperature, or the temperature is controlled as a 

5 function of pressure. 

988. The methocrof claim 972, further comprising controlling the heat such that an 
average heating rate oXjhe pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1 0 989. The method of clairii 972, wherein allowing the heat to transfer comprises 

j*j transferring heat substantially \y conduction. 

=0 \ 

m \ 

,f ; 990. The method of claim 972, wherein allowing heat to transfer comprises heating the 

{pit \ 

iy pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 

$ 1 1 5 is greater than about 0.5 W/(m °C). y-s 

Si [ )ft 

5 99 1 . The method of claim 972, further c<to 

<p _ _ \ 

flj a majority of the pyrolysis zone, wherein the 

%\ absolute. 

|»i 20 

992. The method of claim 972, further comprising^ 
providing hydrogen (H 2 ) to the pyrolysis zone tb hydrogenate hydrocarbons 

within the pyrolysis zone; and \ 

heating a portion of the pyrolysis zone with heat frorta hydrogenation. 

25 \ 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. \ 

30 994. The method of claim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis Zone. 




rising controlling a pressure within at least 
pntrolled pressure is at least about 2.0 bar 
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995. v The method of claim 972, further comprising controlling the heat to yield greater 
than abW 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

996. An invsitu method for heating a coal formation, comprising: 

heating abortion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidmng fluid to a heat source zone in the formation; 

allowing the oxidizingsjjas to react with at least a portion of the hydrocarbons at 
the heat source zone to generate'heat in the heat source zone; and 

transferring the generated neat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 

997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. / \ % 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of kconduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. \ 

1000. The method of claim 996, wherein a conduit is disposed witnin the opening, the 
method further comprising removing an oxidation product from the foromtion through 
the conduit. \ 

1 001 . The method of claim 996, wherein a conduit is disposed within the opening^Ohe 
method further comprising removing an oxidation product from the formation through\ 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 

1002. NRie method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wfi^rein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow ratevof the oxidation product in the conduit. 

1 003 . The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. \ 

1004. The method of claim 996, wherein^ center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disfeosefti within the opening, the method further 
comprising providing the oxidizing fluid intQjfje Wning through the center conduit and 
removing an oxidation product through the outerfconduit. 

1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. \ 

1 006. The method of claim 996, wherein heating the portion. comprises applying 
electrical current to an electric heater disposed within the opening. 

1007. The method of claim 996, wherein the pyrolysis zone is substantially adjacent to 
the heat source zone. \ 

1008. The method of claim 996, further comprising controlling a pressure and a\. 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the^ 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
iction of pressure. 

1009. The method of claim 996, further comprising controlling the heat such that an 

5 average heatuig rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



m 
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10 1011. The method of claitn 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °Q 

1012. The method of claim 996, fukher comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

1013. The method of claim 996, further 
providing hydrogen (H2) to the pyrolysi\zone to hydrogenate hydrocarbons 

20 within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with fteat from hydrogenation. 



1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone\o greater than about 100 

25 millidarcy. 

1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pykrtysis zone. 



30 1016. The method of claim 996, further comprising controlling the heat to yielchgreater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Ass! 
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10l7\ A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation^ 

5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

producing\ mixture from the formation; and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature aki below a vaporization temperature of hydrocarbons having 
10 carbon numbers greater tnim 25 to inhibit production of a substantial amount of 
p hydrocarbons having carbonVumbers greater than 25 in the mixture. 
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1018. The method of claim 101 \ wherein the one or more heat sources comprise at 
least two heat sources, and whereimsuperposition of heat from at least the two heat 
1 5 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



t il 1019. The method of claim 1017, whereimmaintaining the average temperature within 

j*j the selected section comprises maintaining tn^ temperature within a pyrolysis 

20 temperature range. 



1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 

25 1 02 1 . The method of claim 1017, wherein the one or more h^t sources comprise 
surface burners. 

1022. The method of claim 101 7, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 
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1023. \The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
5 than about 270 °Qv 

1 025. The method of Claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

1 0 1 026. The method of claim 1 Oi 7, further comprising controlling a pressure and a 

0 temperature within at least a majotity of the selected section of the formation, wherein 
jjj the pressure is controlled as a function of temperature, or the temperature is controlled as 

[f s a function of pressure. \ 

i*» \ 

III N 
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r 15 1027. The method of claim 1017, further* 
« average heating rate of the selected section 

1 pyrolysis. 

it 

111 

□ 1 028. The method of claim 1017, wherein providing he^t from the one or more heat 

20 sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation frota the one or more heat 
sources, wherein the formation has an average heat capacity (C v )rmd wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of W formation; and 
wherein heating energy/day provided to the volume is equal to OK less than Pwr, 
25 wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about KN 
°C/day. 




prising controlling the heat such that an 
m about 1 °C per day during 
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1029a The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises Mating the selected formation such that a thermal conductivity of at 
least a portion of the seWted section is greater than about 0.5 W/(m °C). 

1031. The method of claim Yo 1 7, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/oty weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1033. The method of claim 1017, wherein! the produced mixture comprises non- 
condensable hydrocarbons, and wherein abouH).l^o by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene ro ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherei\the ratio of ethene to 
ethane is greater than about 0.001 . 

1035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculate on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 036. The method of claim 1017, wherein the produced mixture comprises condenssft 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1037. \The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the^condensable hydrocarbons is sulfur. 

5 1038. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 . 1039. The method of claim lOlY wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



!*t 1 040. The method of claim 101 7, whei|ein(ine produced mixture comprises condensable 

in 

|V| 15 hydrocarbons, and wherein less than about 5 \o by weight of the condensable 
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hydrocarbons comprises multi-ring aromatics with more than two rings. 

1041 . The method of claim 1017, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 %\y weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

1 043 . The method of claim 1017, wherein the produced mixture composes a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the nc 

30 condensable component. 
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1044. Sthe method of claim 101 7, wherein the produced mixture comprises ammonia, 
and whereiWreater than about 0.05 % by weight of the produced mixture is ammonia. 

1 045 . The metho<rof claim 1017, wherein the produced mixture comprises ammonia, 
5 and wherein the ammohia is used to produce fertilizer. 

1046. The method of claim 10J 7, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1047. The method of claim 101 7, furthercomprising controlling formation conditions to 
produce a mixture of condensable hydrocarbbnsa^d H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 b(ar> 

15 1 048. The method of claim 1 047, wherein the partly pressure of H 2 is measured when 
the mixture is at a production well. 

1 049 . The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



20 
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1 050. The method of claim 1017, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate\ydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1051. The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a pottion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1 052. tXhe method of claim 1017, wherein allowing the heat to transfer comprises 
increasing^ permeability of a majority of the selected section to greater than about 1 00 
millidarcy. \ 

1 053. The method\f claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformlysincreasing a permeability of a majority of the selected section. 

1 054. The method of clairrkl 01 7, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1055. The method of claim 101 7, Vherein producing the mixture comprises producing 
the mixture in a production well, andwherein at least about 7 heat sources are disposed in 
the formation for each production well\ 

1 056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formanpn^wherein three or more of the heat 
sources are located in the formation in a unit orheatj/soiirces, and wherein the unit of heat 
sources comprises a triangular pattern. \ V \ 

1 057. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherem three or more of the heat 
sources are located in the formation in a unit of heat sourcek. wherein the unit of heat 
sources comprises a triangular pattern, and wherein a pluralityspf the units are repeated 
over an area of the formation to form a repetitive pattern of units\ 

1 058. A method of treating a coal formation in situ, comprising: \ 
providing heat from one or more heat sources to at least a portioivof the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; \ 
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Mitrolling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing^ mixture from the formation. 

1 059. The method of cfoim 1 058, wherein the one or more heat sources comprise at 
least two heat sources, and therein superposition of heat from at least the two heat 
sources pyrolyzes at least some^iydrocarbons within the selected section of the 
formation. 

] 0 1 060. The method of claim 1 058, wh^ein the one or more heat sources comprise 
electrical heaters. 
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1 06 1 . The method of claim 1 058, wherein the\pne or more heat sources comprise 
surface burners. 

1 062. The method of claim 1 058, wherein the cta/o^taore heat sources comprise 
flameless distributed combustors. 
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1063. The method of claim 1058, wherein the one or more i^eat sources comprise natural 
20 distributed combustors. 



25 



1064. The method of claim 1058, further comprising controlling aiemperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled a function of 
pressure. 



30 



1065. The method of claim 1064, wherein controlling the temperature comprises^ 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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1 066. The method of claim 1 058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 067. The method ofWim 1 058, wherein providing heat from the one or more heat 
sources to at least the portWi of formation comprises: 

heating a selected volume {V) of the coal formation from the one or more heat 
sources, wherein the formation hk an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbon$within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equations, 

Pwr - h*V*C v *p B \ 

wherein Pwr is the heating energy/day^/z is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. ( \ ty 

1068. The method of claim 1058, wherein allowing thet heat to transfer comprises 
transferring heat substantially by conduction. \ 

1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a theWal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

1071 . The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of tne 
condensable hydrocarbons are olefins. \ 
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1072. \ The method of claim 1058, wherein the produced mixture comprises non- 
conden^ble hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-cbndensable hydrocarbons are olefins. 

5 1 073. The methochof claim 1 058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0. 1 5, and wherein the ratio of ethene to 
ethane is greater than about \00\ . 

10 1074. The method of claim 105iL wherein the produced mixture comprises condensable 
Pi hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

!:U \ 
fig. \ 

J, § 1075. The method of claim 1058, whereirv the produced mixture comprises condensable 
Ui 15 hydrocarbons, and wherein less than about lVo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. V7 y 



1076. The method of claim 1058, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. 

1077. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherer^ the oxygen 

25 containing compounds comprise phenols. 

1078. The method of claim 1058, wherein the produced mixture comprisesfeqndensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

30 



Conlev. Rose & Tayon. P C 



1079. "The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarrons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 080. The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, andNvherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 

1 08 1 . The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the noh-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aboutSl 0 % by volume of the non-condensable 
component, and wherein the hydrogen is les^^il about 80 % by volume of the non- 
condensable component. V V\ 

1083. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1084. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

1085. The method of claim 1058, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1 086. The method of claim 1 058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of 
within the mixture is greater than about 0.5 bar. 
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1087. \The method of claim 1086, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

t\ 

5 1 088. Tlie^methodsOf claim 1 058, wherein controlling formation conditions comprises 
recirculating a portionW hydrogen from the mixture into the formation. 

1 089. The method of claim F058, further comprising: 
providing hydrogen (H 2 )\> the heated section to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the sectionNwith heat from hydrogenation. 

1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furaer«>mpiising hydrogenating a portion of 

1 5 the produced condensable hydrocarbons with at|le^stu portion of the produced hydrogen. 



1 09 1 . The method of claim 1 058, wherein allowing thereat to transfer comprises 
increasing a permeability of a majority of the selected sectipn to greater than about 100 
millidarcy. 

1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the\elected section. 



20 



1 093 . The method of claim 1 058, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1094. The method of claim 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed 
the formation for each production well. 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources arMocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 096. The method oYclaim 1 058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to foxm a repetitive pattern of units. 

1 097. A method of treating a coal formation in situ, comprising: 
providing heat from one or more neat sources to at least a portion of the 

formation; /\\\ 

allowing the heat to transfer from the 9Pe\pr more heat sources to a selected 
section of the formation; and \ 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0. 1 °Aby weight to about 1 5 % by weight 
of the condensable hydrocarbons are olefins. \ 

1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1 099. The method of claim 1 097, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 1 00. The method of claim 1 097, wherein the one or more heat sources comprisK 
surface burners. \^ 
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1101. "The method of claim 1 097, wherein the one or more heat sources comprise 
flameless attributed combustors. 

1 102. The memod of claim 1097, wherein the one or more heat sources comprise natural 
distributed combusthrs. 

1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a^majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1 1 04. The method of claim 1097, wherein controlling the temperature comprises 
maintaining the temperature within the\selected section within a pyrolysis temperature 
range. V^~~^ 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the selected sectioir is less than about 1 °C per day during 
pyrolysis. \ 

1 1 06. The method of claim 1 097, wherein providingVheat from the one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation, from the one or more heat 
sources, wherein the formation has an average heat capacity\c v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equkl to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate o£tfie 
formation, p B is formation bulk density, and wherein the heating rate is less than^t>out 1 0 
°C/day. \> 
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1 107. KThe method of claim 1097, wherein allowing the heat to transfer comprises 
transfkring heat substantially by conduction. 

1 108. The method of claim 1097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of thie selected section is greater than about 0.5 W/(m °C). 

1 1 09. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim 16(97, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouiO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olei 



15 1111. The method of claim 1 097, whetein the produced mixture comprises non- 
condensable hydrocarbons, and wherein at^jt 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons ; 

1112. The method of claim 1097, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio orethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and\iierein the ratio of ethene to 
ethane is greater than about 0.001 . 

1113. The method of claim 1097, wherein the produced mixtUKe comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when emulated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1 1 14. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tnfescondensable hydrocarbons is sulfur. 

1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise\xygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1117. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greaterthan about 20 % by weight of the condensable 
hydrocarbons are aromatic compouna$. 

1118. The method of claim 1097, whereirtahe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 ffcby weight of the condensable 
hydrocarbons comprises multi-ring aromatias with more than two rings. 

1119. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by w^ght of the condensable 
hydrocarbons are asphaltenes. \ 

1 120. The method of claim 1097, wherein the produced mixrare comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % bWeight of the 
condensable hydrocarbons are cycloalkanes. \ 

1121. The method of claim 1 097, wherein the produced mixture comprise^a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 122. T^he method of claim 1097, wherein the produced mixture comprises ammonia, 
and whereihycreater than about 0.05 % by weight of the produced mixture is ammonia. 

1 123. The method^f claim 1097, wherein the produced mixture comprises ammonia, 
and wherein the amnumia is used to produce fertilizer. 

1 1 24. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selecteci section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute^ 

1 125. The method of claim 1097, nuther comprising controlling formation conditions to 
produce a mixture of condensable hyarocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than aboutV>.5 bar. 

1 126. The method of claim 1 125, whereiAthe partial pressure of H2 is measured when 
the mixture is at a production well. | \ A 

1 127. The method of claim 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25 . \ 

1128. The method of claim 1 097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture intothe formation. 

1 1 29. The method of claim 1 097, further comprising: \ 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenatidn. 
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1 1 30. The method of claim 1 097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced cohdensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of clahn 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of\majority of the selected section to greater than about 100 
millidarcy. 

10 1132. The method of claim 1 097, therein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydr^c^or^, as measured by Fischer Assay. 

1 134. The method of claim 1097, wherein produciiVthe mixture comprises producing 
the mixture in a production well, and wherein at Feast afc*pur7 heat sources are disposed in 
the formation for each production well. 



15 



20 1135. The method of claim 1 097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three ofcmore of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 
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1136. The method of claim 1 097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of th\ heat 
sources are located in the formation in a unit of heat sources, wherein the unit ofheat 
sources comprises a triangular pattern, and wherein a plurality of the units are repealed 
over an area of the formation to form a repetitive pattern of units. 

1 137. A method of treating a coal formation in situ, comprising: 
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Heating a section of the formation to a pyrolysis temperature from at least a first 
heat source^a second heat source and a third heat source, and wherein the first heat 
source, the secbqd heat source and the third heat source are located along a perimeter of 
the section; 

controlling heatanput to the first heat source, the second heat source and the third 
heat source to limit a heathig rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 
condensable fluids (on a dry ba^s) within the produced mixture; and 

producing the mixture fron^the formation through a production well. 

1138. The method of claim 1137, wherein superposition of heat form the first heat 
source, second heat source, and third heaf^ource pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 

1 1 39. The method of claim 1137, wherein the j}yrc4ysis temperature is between about 
270 °C and about 400 °C. 



1 140. The method of claim 1 137, wherein the first hea^ source is operated for less than 
about twenty four hours a day. 

1141. The method of claim 1137, wherein the first heat sour^ comprises an electrical 
heater. 



1 142. The method of claim 1 137, wherein the first heat source composes a surface 
25 burner. 



1 143. The method of claim 1 137. wherein the first heat source comprises a 
distributed combustor. 



leless 



30 1 144. The method of claim 1137, wherein the first heat source, second heat source 
third heat source are positioned substantially at apexes of an equilateral triangle. 
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1 145. yThe method of claim 1137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The metntoi of claim 1137, further comprising a fourth heat source, fifth heat 
source, and sixth hek source located along the perimeter of the section. 

1 147. The method of clam 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. \ 

1 148. The method of claim 1 147/wherein the production well is located substantially at 
a center of the hexagon. \ 

1 149. The method of claim 1137, further comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled as a function of temperanu^or the temperature is controlled as a 
function of pressure. f \ A 

1 1 50. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. \ 

1151. The method of claim 1137, further comprising controllingthe heat such that an 
average heating rate of the section is less than about 3 °C per day ditfing pyrolysis. 

1 1 52. The method of claim 1137, further comprising controlling the heaksuch that an 
average heating rate of the section is less than about 1 °C per day during pyrolysis. 

1153. The method of claim 1137, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: \ 
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Vheating a selected volume (F) of the coal formation from the one or more heat 
sources, ^herein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes aNeast some hydrocarbons within the selected volume of the formation; and 

wherei\heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*b**p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. \ 

1 1 54. The method of claim 1 137, \vherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

1 1 55. The method of claim 1137, wherein j>roviding heat from the one or more heat 
sources comprises heating the section such thai a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W*(iP °C). 

1 1 56. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25\ 

1 1 57. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 %\by weight of the 
condensable hydrocarbons are olefins. \ 

1158. The method of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the n&n- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethenfeao 
ethane is greater than about 0.001 . \ 
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1 1 59. Tshe method of claim 1137. wherein the produced mixture comprises condensable 
hydrocarb&ns, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cfctndensable hydrocarbons is nitrogen. 

1 160. The method\f claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and whetein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is oxygen. 
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1161. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarobns is sulfur. 

1 162. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigM to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1 1 63 . The method of claim 1137, wherein the produced 
hydrocarbons, and wherein greater than about 20 % b)N 
hydrocarbons are aromatic compounds. 



mixture comprises condensable 
eight of the condensable 
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1 1 64. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1165. The method of claim 1137, wherein the produced mixture comprisk condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensaW 
hydrocarbons are asphaltenes. 
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1 166. "ttie method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 167. The method of claim 1 137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen iV greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

1 1 68. The method of claim 1 13Y wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05. % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, whetein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 1 70. The method of claim 1137, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2) wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. \ 

1 1 72. The method of claim 1171, wherein the partial pressure of is measured when 
the mixture is at a production well. \ 

1 1 73. The method of claim 1137, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carton 
numbers greater than about 25. \ 
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1 1 74. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating^ portion of hydrogen from the mixture into the formation. 

1 1 75 . The method of claim 1137, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and\ 

heating a portion orthe section with heat from hydrogenation. 

1 1 76. The method of claim 1 1 3 7v wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbonWith at least a portion of the produced hydrogen. 

1 1 77. The method of claim 1137, heating thksection comprises increasing a 
permeability of a majority of the section to greater/than about 100 millidarcy. 

1 1 78. The method of claim 1137, wherein heating tn^section comprises substantially 
uniformly increasing a permeability of a majority of the section. 

1 1 79. The method of claim 1137, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat source^are disposed in 
the formation for each production well \ 

1181. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat\ 
sources are located in the formation in a unit of heat sources, and wherein the unit of hekt 
sources comprises a triangular pattern. 
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1 1 82. \The method of claim 1 137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources composes a triangular pattern, and wherein a plurality of the units are repeated 
over an area of th\formation to form a repetitive pattern of units. 

1 1 83. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 

producing a mixture from tnfe formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 1 84. The method of claim 1 183, whereinthe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1 1 85. The method of claim 1 183, wherein the one or mfcre heat sources comprise 
electrical heaters. \ 

1 1 86. The method of claim 1 183, wherein the one or more heaKsources comprise 
surface burners. \ 

1 1 87. The method of claim 1 1 83, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1 188. The method of claim 1 183, wherein the one or more heat sources comprise natural 
distributed combustors. ^ 
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1 189. ^The method of claim 1 183, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure rs controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 1 90. The method of claim 1 1 89, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. \ 

1191. The method of claim 1 183, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. \ 

1 192. The method of claim 1 1 83, whWehi providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the seleWed volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than /Vr, 
wherein Pwr is calculated by the equation: \ 

Pwr = /7*F*C v % \ 

wherein Pwr is the heating energy/day, h is an average hewing rate of the 
formation, p B is formation bulk density, and wherein the heating rateis less than about 10 
°C/day. \, 

1 1 93. The method of claim 1183, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 194. VThe method of claim 1 183, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 195. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons having^n API gravity of at least about 25°. 

1 196. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 197. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereih about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons areVolefins. 

1 198. The method of claim 1 1 83, whereilHnfe produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratifo of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15,\nd wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . \ 

1 199. The method of claim 1 183, wherein the produced Vixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, Mien calculated on an atomic 

. basis, of the condensable hydrocarbons is oxygen. \ 

1 200. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1201 . The method of claim 1 1 83, wherein the produced mixture comprises <x>ndensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
cisqitaining compounds comprise phenols. 

1 202. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbon^xand wherein greater than about 20 % by weight of the condensable 
hydrocarbons are^omatic compounds. 

1 203 . The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiUess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 204. The method of claim 1 1 83 , Vherein the produced mixture comprises condensable 
hydrocarbons; and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. aT^H 

1 205. The method of claim 1 1 83, wherein thfe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighrto about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

1206. The method of claim 1 1 83, wherein the producedonixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume ofslhe non-condensable 
component, and wherein the hydrogen is less than about 80 % byVolume of the non- 
condensable component. \ 

1 207. The method of claim 1183, wherein the produced mixture compiles ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is sunmonia. 

1208. The method of claim 1 183, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 
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1209v The method of claim 1 183, further comprising controlling a pressure within at 
least a rnajority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1210. The method of claim 1183, further comprising controlling formation conditions to 
produce a mixture\f condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

1211. The method of clatfn 1211, wherein the partial pressure of H2 is measured when 
the mixture is at a productiorrwell. 

1212. The method of claim 1 1 83\further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

1213. The method of claim 1 183, whereinfiphfrolling formation conditions comprises 
recirculating a portion of hydrogen from the mature into the formation. 

1214. The method of claim 1 1 83, further comprising: 

providing hydrogen (H2) to the heated section 10 hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydragenation. 

1215. The method of claim 1183, wherein the produced mixturescomprises hydrogen 
and condensable hydrocarbons, the method further comprising hydnxgenating a portion of 
the produced condensable hydrocarbons with at least a portion of the ptoduced hydrogen. 

1216. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \^ 
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121 7\ The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1 1 83, further comprising controlling the heat to yield greater 
than about 60 % bysweight of condensable hydrocarbons, as measured by Fischer Assay. 

1219. The method of claim 1 1 83, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 220. The method of claim 1183, nuther comprising providing heat from three or more 
heat sources to at least a portion of theVormation, wherein three or more of the heat 
sources are located in the formation in a raiit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 22 1 . The method of claim 1183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation^wherein three or more of the heat 
sources are located in the formation in a unit of heaf\sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattemspf units. 

1 222. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at leastSa portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and \ 

producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, wh^n calculated 

on an atomic basis, of the condensable hydrocarbons is oxygen. \ 
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1 223. The method of claim 1222, wherein the one or more heat sources comprise at 
least twb heat sources, and wherein superposition of heat from at least the two heat 
sources pytolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1 224. The method\f claim 1 222, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 225 . The method of claimsl 222, wherein the one or more heat sources comprise 
surface burners. \ 

1 226. The method of claim 1 222 Vherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1 227. The method of claim 1 222, wherem the one or more heat sources comprise natural 
distributed combustors. I 

1 228. The method of claim 1 222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatute, or the temperature is controlled as 
a function of pressure. \ 

1229. The method of claim 1228, wherein controlling the\emperature comprises 
maintaining the temperature within the selected section withik a pyrolysis temperature 
range. \ 

1230. The method of claim 1222, further comprising controlling the^heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 



390 



Conley. Rose & Tayon. P C 



123 1 . Nlie method of claim 1222, wherein providing heat from the one or more heat 
sources to\t least the portion of formation comprises: 

heatin^a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least somfe hydrocarbons within the selected volume of the formation; and 

wherein heating ehergy/day provided to the volume is equal to or less than Pmt. 
wherein Pwr is calculated byvtfie equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. \ 

1232. The method of claim 1222, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. X A 

1233. The method of claim 1222, wherein providing neat from the one or more heat 
sources comprises heating the selected section such that a Thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/fm °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

1235. The method of claim 1222, wherein the produced mixture comprisekcondensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight ortfie 
condensable hydrocarbons are olefins. \ 

1236. The method of claim 1222, wherein the produced mixture comprises non- \ 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1 237. T&e method of claim 1 222, wherein the produced mixture comprises non- 
condensableJiydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hy4rocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater tft^n about 0.001 . 

1238. The method of cfeim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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10 1239. The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than wsk>u\ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons i\ oxygen. 

1240. The method of claim 1222, whereih^he produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 °/<Nby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



20 



1241 . The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30\% by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, an^ wherein the oxygen 
containing compounds comprise phenols. 



25 



1242. The method of claim 1222, wherein the produced mixturkcomprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of tn^ condensable 
hydrocarbons are aromatic compounds. 
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1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable^ 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1244. the method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocartxfcis, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1245. The method\f claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and whetein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbonW'e cycloalkanes. 

1246. The method of claim lz22 s wherein the produced mixture comprises a non- 
condensable component, wherein The non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than^about 10 % by volume of the non-condensable 
component, and wherein the hydrogerris less than about 80 % by volume of the non- 
condensable component. \ 

1247. The method of claim 1222, wherein thk produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weigp^the produced mixture is ammonia. 

1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partiaTwessure of H2 
within the mixture is greater than about 0.5 bar. \ 

125 1 . The method of claim 1250, wherein the partial pressure of H2 is measured vyhen 
the mixture is at a production well. \ 
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1252. The method of claim 1222, further comprising altering a pressure within the 
formation^ inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1253. The method o^claim 1222, wherein controlling formation conditions comprises 
recirculating a portion oNwdrogen from the mixture into the formation. 

1 254. The method of claim 1 222L further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1255. The method of claim 1222, wherein the Produced mixture comprises hydrogen 
and condensable hydrocarbons, the method fuith«jjcomprising hydrogenating a portion of 

1 5 the produced condensable hydrocarbons with at leasUhportion of the produced hydrogen. 

1256. The method of claim 1 222, wherein allowing the lieat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

20 \ 

1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of th\ selected section. 

1258. The method of claim 1222, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fkcher Assay. 

1259. The method of claim 1 222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are dispokd in 
the formation for each production well. \ 

30 
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1260. \Die method of claim 1222, further comprising providing heat from three or more 
heat souths to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261. The method of claim 1 222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1262. A method of treating a coal formation in situ, comprising: 
providing heat from one or more neat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the pfaeck more heat sources to a selected 
section of the formation; and I y\ 

producing a mixture from the formation, wnetein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons isWfur. 

1263. The method of claim 1262, wherein the one or more^heat sources comprise at 
least two heat sources, and wherein superposition of heat from\at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selecteassection of the 
formation. \ 

1264. The method of claim 1262, wherein the one or more heat sources\comprise 
electrical heaters. \ 

1265. The method of claim 1262, wherein the one or more heat sources comprise 
surface burners. \ 



395 



Conley. Rose & Tayon. P C 



1266. >Qie method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1267. The methc^of claim 1262, wherein the one or more heat sources comprise natural 
5 distributed combustorc. 

1 268. The method of claim\l262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

10 a function of pressure. \ 

1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. a7\ 

1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is les^han about 1 °C per day during 
pyrolysis. \ 

20 1271. The method of claim 1 262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from\the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to Or less than Pmt. 

wherein Pwr is calculated by the equation: \ 
Pwr = h*V*C y *p B \ 
wherein Pwr is the heating energy/day, A is an average heating rate of \he 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
30 °C/day. \ 
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1 272. The method of claim 1 262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1273. The method of claim 1262, wherein providing heat from the one or more heat 

5 sources comprises neating the selected formation such that a thermal conductivity of at 
least a portion of the sheeted section is greater than about 0.5 W/(m °C). 

1274. The method of claimNl262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

10 \ 

!fi 1275. The method of claim 1262, wherein the produced mixture comprises condensable 

$j hydrocarbons, and wherein about 0.1 %sby weight to about 15 % by weight of the 

Uk condensable hydrocarbons are olefins. A )| 

i n * / )/y 

=p 15 1276. The method of claim 1262, wherein thesproduced mixture comprises non- 

condensable hydrocarbons, and wherein about 0.\ % by weight to about 1 5 % by weight 

3 as I \ 

a l= of the non-condensable hydrocarbons are olefins. \ 

ill \ 

sjpB \ 

■J B f 1277. The method of claim 1262, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of etheneuo ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . \ 



1278. The method of claim 1262, wherein the produced mixture condenses condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 



1279. The method of claim 1262, wherein the produced mixture comprises compensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
30 basis, of the condensable hydrocarbons is oxygen. \ 
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1280. \The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbon^comprise oxygen containing compounds, and wherein the oxygen 
containing compiannds comprise phenols. 

5 \ 

1281 . The method of c^m 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiirgreater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1282. The method of claim 1262, wierein the produced mixture comprises condensable 
O hydrocarbons, and wherein less than at*put 5 % by weight of the condensable 
jiji hydrocarbons comprises multi-ring aromatics with more than two rings. 

y« \ 

*% s \ 

f'|| 1283. The method of claim 1262, wherein tnfe produced mixture comprises condensable 

*ii 15 hydrocarbons, and wherein less than about 0.3 °\ by weight of the condensable 

si hydrocarbons are asphaltenes. / \/\ 

□ A \ 

|« \ 

*\* 1284. The method of claim 1262, wherein the produced mixture comprises condensable 

\ 

□ hydrocarbons, and wherein about 5 % by weight to about iSO % by weight of the 
ft=s 20 condensable hydrocarbons are cycloalkanes. \ 

1285. The method of claim 1262, wherein the produced mixture\:omprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non\x>ndensable 

25 component, and wherein the hydrogen is less than about 80 % by volume\f the non- 
condensable component. \ 

1286. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonik 

30 \ 
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1 287. The method of claim 1 262, wherein the produced mixture comprises ammonia, 
and whereui the ammonia is used to produce fertilizer. 

1288. The metlWi of claim 1262, further comprising controlling a pressure within at 

5 least a majority of tne selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1289. The method of claim V262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 

10 within the mixture is greater than about 0.5 bar. 
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1 290. The method of claim 1 289, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

15 1 29 L The method of claim 1 262, further ctrfhjJri&ng altering a pressure within the 
formation to inhibit production of hydrocarbons fnpn the formation having carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into tne formation. 



25 



1 293. The method of claim 1 262, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenat^ hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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1294. The method of claim 1262, wherein the produced mixture comprises Kvdrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a jWtion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1295.\The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing, a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 



1296. The method \f claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformlyHiicreasing a permeability of a majority of the selected section. 



10 
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1297. The method of clainrl262, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 298. The method of claim 1 262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of qeat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1300. The method of claim 1262, further comprisinjWoviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 301 . A method of treating a coal formation in situ, comprising^ 
raising a temperature of a first section of the formation witKone or more heat 

sources to a first pyrolysis temperature; 

heating the first section to an upper pyrolysis temperature, whetein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 



"^during a first mixture from the formation, wherein the first mixture comprises 
condensabl^hydrocarbons and H2: 

creating\second mixture from the first mixture, wherein the second mixture 
comprises a higher ccmcentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; 

providing a portion ofthe second mixture to the second section; 

heating the second sectioivto an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture fromvtiie second section. 

1 302. The method of claim 1301, whereinScreating the second mixture comprises 
removing condensable hydrocarbons from thkfirst mixture. 

1 303 . The method of claim 1301, wherein creatWjJie second mixture comprises 
removing water from the first mixture. / \ A 

1 304. The method of claim 1301, wherein creating thV second mixture comprises 
removing carbon dioxide from the first mixture. \ 

1305. The method of claim 1301, wherein the first pyrolysik temperature is greater than 
about 270 °C. \ 

1 306. The method of claim 1301, wherein the second pyrolysis temperature is greater 
than about 270 °C. \ 

1307. The method of claim 1301, wherein the upper pyrolysis temperature is about 500 
°C. \ 

1308. The method of claim 1301, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two neat 
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purees pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 

1 309. The ixtethod of claim 1301, wherein the one or more heat sources comprise 
5 electrical heater^ 

1310. The method of ^aim 1301, wherein the one or more heat sources comprise 
surface burners. 

10 1311. The method of claim 1 3^ , wherein the one or more heat sources comprise 
flameless distributed combustors. 

1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1313. The method of claim 1301, further composing controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a fun^ion of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first an\second sections is less 
than about 1 °C per day during pyrolysis. 
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1315. The method of claim 1301, wherein heating the first and the secpnd sections 
comprises: 

heating a selected volume (V) of the coal formation from the one orVore heat 
sources, wherein the formation has an average heat capacity (C v ), and whereirW heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formatio^: and 

wherein heating energy/day provided to the volume is equal to or less than t\r t 
wherein Pwr is calculated by the equation: 
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yVr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p^\s formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 
5 \ 

1316. The method o\claim 1301, wherein heating the first and second sections 
comprises transferring nbat substantially by conduction. 

1317. The method of claim Is30 1 , wherein heating the first and second sections 

10 comprises heating the first and second sections such that a thermal conductivity of at least 

i' B l \ 

a portion of the first and second settions is greater than about 0.5 W/(m °C). 

S \ 

1318. The method of claim 1301, wherein the first or third mixture comprises 
I*- condensable hydrocarbons having an API gravity of at least about 25°. 

¥ 15 \ 

L 1319. The method of claim 1301 , wherein the fir 

4* condensable hydrocarbons, and wherein about V I 

in r y 

g= of the condensable hydrocarbons are olefins. J\ 

u 

20 1 320, The method of claim 1301, wherein the first ok third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of\ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1321. The method of claim 1301, wherein the first or third mixture comprises 
25 condensable hydrocarbons, and wherein less than about 1 % by v^ight. when calculated 

on an atomic basis, of the condensable hydrocarbons is nitrogen. \ 

1 322. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, wherKcalculated 

30 on an atomic basis, of the condensable hydrocarbons is oxygen. \ 




t or third mixture comprises 

by weight to about 1 5 % by weight 
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1323. l^he method of claim 1301, wherein the first or third mixture comprises 
condensabl^iydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1324. The method of Claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons>wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

1325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherehrgreater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

1 326. The method of claim 1301, wherein the Wst or third mixture comprises 
condensable hydrocarbons, and wherein less tharfabout 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aron^ckwith more than two rings. 

1 327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 Vo by weight of the 
condensable hydrocarbons are asphaltenes. \ 

1 328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. \ 

1 329. The method of claim 1301, wherein the first or third mixture compnses a non- 
condensable component, and wherein the non-condensable component composes 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of th\non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. \ 
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1330. fThe method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein the amhronia is used to produce fertilizer. 

1 332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first onsecond sections of the formation, wherein the controlled 
pressure is at least about 2.0 barabsolute. 

1 333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about O.SJbar. 

1334. The method of claim 1333, wherein the ^partial pressure of H2 within a mixture is 
measured when the mixture is at a production w^ti \ 

1335. The method of claim 1301, further compqsirjg^eWg a pressure within the 
formation to inhibit production of hydrocarbons from the^formation having carbon 
numbers greater than about 25. \ 

1336. The method of claim 1301, further comprising: \ 
providing hydrogen (H2) to the first or second section to hydfcogenate 

hydrocarbons within the first or second section; and \ 

heating a portion of the first or second section with heat from hydfcogenation. 

1337. The method of claim 1301, further comprising: \ 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at [feast a 

portion of the produced hydrogen. \ 
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1338. vThe method of claim 1301, further comprising increasing a permeability of a 
majority ofahe first or second section to greater than about 100 millidarcy. 



1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second section. 

1340. The method of claina 1301 , wherein the heating is controlled to yield greater than 
about 60 % by weight of conaensable hydrocarbons, as measured by Fischer Assay. 

1341. The method of claim 1301 /Wherein producing the first or third mixture comprises 
producing the first or third mixture ura production well, and wherein at least about 7 heat 
sources are disposed in the formation foYeach production well. 

1342. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit oHieatsitoces, and wherein the unit of heat 
sources comprises a triangular pattern. / v \ 

1 343 . The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein tntee or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. \ 

1 344. A method of treating a coal formation in situ, comprising: \ 
providing heat from one or more heat sources to at least a portion of W 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected\ 

section of the formation; \ 
producing a mixture from the formation: and 
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,N hydrogenating a portion of the produced mixture with H2 produced from the 
formationX 

1 345. The method of claim 1 344, wherein the one or more heat sources comprise at 
5 least two heat source\and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least\some hydrocarbons within the selected section of the 
formation. \ 

1 346. The method of claim 1 344, further comprising maintaining a temperature within 
10 the selected section within a pyrolWs temperature range. 

1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 5 1 348 . The method of claim 1 344, wherein thejOQe or more heat sources comprise 
surface burners. / \ A 

1349. The method of claim 1344, whereinihe^n^ormore heat sources comprise 
flameless distributed combustors. \ 

20 \ 

1350. The method of claim 1 344, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1351. The method of claim 1 344, further comprising controlling a pressure and a 

25 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1352. The method of claim 1344, further comprising controlling the heaKsuch that an 
30 average heating rate of the selected section is less than about 1 °C per day dufcmg 

pyrolysis. \. 
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1353. ^Oie method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heatin^a selected volume (V) of the coal formation from the one or more heat 
5 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least som&hydrocarbons within the selected volume of the formation: and 

wherein heating ehergy/day provided to the volume is equal to or less than /Vr, 
wherein Pwr is calculated b\\Jhe equation: 

Pwr = h*V*C v *p B 

10 wherein Pwr is the heatin^energy/day, A is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

1354. The method of claim 1344, whereiii\allowing the heat to transfer comprises 
15 transferring heat substantially by conduction. 



Ill 
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1355. The method of claim 1344, whereikaaptfiiUn&heat from the one or more heat 
sources comprises heating the selected section suchVhat a thermal conductivity of at least 
a portion of the selected section is greater than about 51.5 W/(m °C). 

1356. The method of claim 1344, wherein the produced t^tixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1357. The method of claim 1344, wherein the produced mixturk comprises condensable 
25 hydrocarbons, and wherein about 0.1 % by weight to about 15 % b^ weight of the 
condensable hydrocarbons are olefins. 



30 



1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in tfte non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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1359\The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cbndensable hydrocarbons is nitrogen. 

1360. The method cnN:laim 1344. wherein the produced mixture comprises condensable 
hydrocarbons, and whererfi less than about 1 % by weight when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1361 . The method of claim 1344^ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thansabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonkis sulfur. 

1362. The method of claim 1344, wherein ihe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight td^aboul 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing cpmpWttk and wherein the oxygen 
containing compounds comprise phenols. ^"""^X 

1363. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1364. The method of claim 1344, wherein the produced mixture^comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two ringk 

1365. The method of claim 1344, wherein the produced mixture comprises\x>ndensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable\ 
hydrocarbons are asphaltenes. \ 
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1366. xThe method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensableshydrocarbons are cycloalkanes. 

1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is\greater than about 10 % by volume of the non-condensable 
component, and wherein t^e hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1368. The method of claim 134^k wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05\% by weight of the produced mixture is ammonia. 



1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia is used to produce fertilizer. 

1370. The method of claim 1344, further c6rfaprifeing controlling a pressure within at 
least a majority of the selected section of tpe fonj^tion, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

20 

1371. The method of claim 1 344, further comprisingVontrolling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

25 1 372. The method of claim 1 344, wherein the partial pressure\f H2 within the mixture 
is measured when the mixture is at a production well. 
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1373. The method of claim 1344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1374. ^Die method of claim 1344, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a potion of the section with heat from hydrogenation. 

1 375. The method of cftum 1 344, wherein allowing the heat to transfer comprises 
increasing a permeability o£ a majority of the selected section to greater than about 1 00 
millidarcy. \ 

1376. The method of claim 1 344;\wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 377. The method of claim 1344, furthet comprising controlling the heat to yield greater 
than about 60 % by weight of condensable^ydrpcarbons, as measured by Fischer Assay. 

1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at Ifeast about 7 heat sources are disposed in 
the formation for each production well. \ 

1379. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein Miree or more of the heat 
sources are located in the formation in a unit of heat sources^and wherein the unit of heat 
sources comprises a triangular pattern. \ 

1 380. The method of claim 1 344, further comprising providing hefct from three or more 
heat sources to at least a portion of the formation, wherein three or mbre of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the unitk are repeated 
over an area of the formation to form a repetitive pattern of units. \ 

1381 . A method of treating a coal formation in situ, comprising: \ 
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heating a first section of the formation: 
producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
5 the formation to provide a reducing environment within the second section of the 
formation. \ 

1382. The method of claun 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

10 \ 

P \ 

0 1 3 83 . The method of claim 1381 ^wherein heating the first section or heating the second 

(36 section comprises heating with a surface burner. 

N \ 
5f 1384. The method of claim 1381, where) 

K p 15 section comprises heating with a flamelesi 

5: / 
icsf I 

4= 1385. The method of claim 1381, wherein h/afinl 

III \ 
s p section comprises heating with a natural distribute! 

P 

20 1 386. The method of claim 1381, further comprising Controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. \ 

25 1 387. The method of claim 1381, further comprising controlling\he heat such that an 
average heating rate of the first or second section is less than about I\°C per day during 
pyrolysis. \ 

1 388. The method of claim 1381, wherein heating the first section or heatiAg the second 
30 section further comprises: \ 



1 heating the first section or heating the second 
)uted combustor. 





e first section or heating the second 
combustor. 
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\ heating a selected volume (V) of the coal formation from the one or more heat 
sources\wherein the formation has an average heat capacity (C v ). and wherein the heating 
p>Tolyzes at least some hydrocarbons within the selected volume of the formation; and 
whereihsheating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

wherein Pwr is thesheating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. \ 

1 389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

1390. The method of claim 1381, wherein xieating the first section or heating the second 
section comprises heating the formation such\|iat a jjhermal conductivity of at least a 
portion of the first or second section is greater tKan about 0.5 W/(m °C). 

1391. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 
having an API gravity of at least about 25°. \ 

1 3 92 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

1393. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensableftydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0. 1 5. \ 
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1394?\The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1 395. The method of clairk 1 38 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by whight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygeik 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixrare comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wherkcalculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. /X' 

1 397. The method of claim 1381, further c^prismV producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight\>f the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the. oxygen containing compounds 
comprise phenols. \ 

1 398. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

1 399. The method of claim 1381, further comprising producing a mixtureSfrom the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons compiles multi- 
ring aromatics with more than two rings. \ 
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HOO.rvThe method of claim 1381, further comprising producing a mixture from the 
second sebtkm, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less thm about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

1 401 . The method of cWn 1381, further comprising producing a mixture from the 
second section, wherein thesproduced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weightV) about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

1 402. The method of claim 1381, rurther comprising producing a mixture from the 
second section, wherein the produced Vrixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the\ion-condensable component, and wherein the 
hydrogen is less than about 80 % by volumk oMhe non-condensable component. 

1 403 . The method of claim 1381, further^nVismg producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

1 404. The method of claim 1381, further comprising ptoducing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. \ 

1 405 . The method of claim 1381, further comprising controlling^ pressure within at 
least a majority of the first or second section of the formation, wher^n the controlled 
pressure is at least about 2.0 bar absolute. \ 

1 406. The method of claim 1381, further comprising controlling formation cbqditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressureof H 2 
within the mixture is greater than about 0.5 bar. 
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1407;\The method of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measureowhen the mixture is at a production well. 

1408. The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abotat 25. 

1 409. The method of claim 1 1 , further comprising: 

providing hydrogen (H2) t^the second section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the second section with heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 

producing hydrogen and condensable hvdfofc^rbons from the formation; and 
hydrogenating a portion of the produced cMdtensable hydrocarbons with at least a 
portion of the produced hydrogen. v 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. \ 

. . 1412. The method of claim 1381, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeabilitySpf a majority of the 
first or second section, respectively. \ 

1413. The method of claim 1381, further comprises controlling the heatmg of the first 
section or controlling the heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by Fischer Assay. \ 
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1414. \The method of claim 138L further comprising producing a mixture from the 
formatiomin a production well, and wherein at least about 7 heat sources are disposed in 
the forniatiohsfor each production well. 

1415. The methocTof claim 1381, further comprising providing heat from three or more 
heat sources to at least\ portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1416. The method of claim 1 38 Is. further comprising providing heat from three or more 
heat sources to at least a portion ofihe formation, wherein three or more of the heat 
sources are located in the formation ika unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1417. A method of treating a coal formation tn situ, comprising: 
providing heat from one or more neat sourcesto at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; \ 
producing a mixture from the formation; and \ 
controlling formation conditions such that the mixture produced from the 

formation comprises condensable hydrocarbons including H2 ? Vherein the partial 

pressure of H 2 within the mixture is greater than about 0.5 bar. \ 

1418. The method of claim 1417, wherein the one or more heat soitfces comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 
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1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining^ temperature within the selected section within a pyrolysis temperature 
range. \. 

1420. The method ofoteum 1417, wherein the one or more heat sources comprise 
electrical heaters. \ 

1421 . The method of claim 14K7, wherein the one or more heat sources comprise 
surface burners. \ 

1422. The method of claim 1417, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1423. The method of claim 1417, wherein ftesdneVimore heat sources comprise natural 
distributed combustors. / \ ]\ 

1424. The method of claim 1417, further comprising, confrolling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or\he temperature is controlled as 
a function of pressure. \ 

1425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °Cper day during 
pyrolysis. \ 

1 426. The method of claim 1417, wherein providing heat from the one Or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or mdre heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein treating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; ahd 
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\yherein healing energy/day provided to the volume is equal to or less than Pmt. 
wherein Pwka is calculated by the equation: 
Pwr =W*C V *p B 

wherein /VKis the heating energy/day, h is an average heating rate of the 
formation, p B is fonnatibn bulk density, and wherein the heating rate is less than about 1 0 

°C/day. \ 

1427. The method of claim 14lY wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than\bduTG.5l W/(m °C). 

1429. The method of claim 1417, wherein tne produced mixture comprises condensable 
hydrocarbons having an API gravity of at leasrabout^V. ^ 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15Vo by weight of the 
condensable hydrocarbons are olefins. \ 

1431. The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethanevin the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5. \ 

1432. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 
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1433. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the oondensable hydrocarbons is oxygen. 

5 1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherehi less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1435. The method of claim 141 X wherein the produced mixture comprises condensable 
1 0 hydrocarbons, wherein about 5 % byyweight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenolsX 

1436. The method of claim 1417, wherein theo>roduced mixture comprises condensable 
1 5 hydrocarbons, and wherein greater than about 2$%b^ Weight of the condensable 

hydrocarbons are aromatic compounds. / \ \ 

1437. The method of claim 141 7, wherein the pnJduce(i mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weighrof the condensable 

20 hydrocarbons comprises multi-ring aromatics with more thafo two rings. 

1438. The method of claim 1417, wherein the produced mixtuA comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the \pndensable 
hydrocarbons are asphaltenes. \ 

25 \ 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight oAhe 
condensable hydrocarbons are cycloalkanes. \ 

30 1 440. The method of claim 1417, wherein the produced mixture comprises a non- \ 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
Miiponent, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 1 44 1 . The'tnethod of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 
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1442. The method orclaim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammoniV is used to produce fertilizer. 

1443. The method of claim lXl 7, further comprising controlling a pressure within at 
least a majority of the selected seb^ion of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1444. The method of claim 1417 : 
formation to inhibit production of 
numbers greater than about 25. 



furtheVc ©mprising altering a pressure within the 
ydroc^rbons from the formation having carbon 



1445. The method of claim 1417, wherein controlling formation conditions comprises 
20 recirculating a portion of hydrogen from the mixture into the formation. 



25 



1 446. The method of claim 1417, further comprising: 

providing hydrogen (H2) to the heated section to hydr^genate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenati): 



1 447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons withs^t least a 
30 portion of the produced hydrogen. 
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1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcys 

1 449. The metfibd of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1450. The method of clairh 1 417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



145 1 . The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and wjierei^at least about 7 heat sources are disposed in 
the formation for each production welV: 



1452. The method of claim 1417, further co: 
heat sources to at least a portion of tto 
sources are located in the formation in a 
sources comprises a triangular pattern 



isk^g providing heat from three or more 
formafioik wherein three or more of the heat 

t of heat sources, and wherein the unit of heat 



1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein tnree or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1454. The method of claim 141 7, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1455. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation: 
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sallowing the heat to transfer from the one or more heat sources to a selected 
section oftlie formation; 

mainlining a pressure of the selected section above atmospheric pressure to 
increase a partiXpressure of H2, as compared to the partial pressure of H2 at atmospheric 
5 pressure, in at least asmajority of the selected section; and 

producing a mixhtfe from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The method of claim 1455. wherein the one or more heat sources comprise at 
10 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1457. The method of claim 1455, further con^risi^maintaining a temperature within 
a p 1 5 the selected section within a pyrolysis temperature range. 

3! 

is;!? 

J- 1458. The method of claim 1455, wherein the one oKAn^re heat sources comprise 

ill 

\- electrical heaters. 



Li 

in 



U 



20 1459. The method of claim 1455, wherein the one or more^eat sources comprise 
surface burners. 

1460. The method of claim 1455, wherein the one or more heat sources comprise 
flameless distributed combustors. 

25 

1461. The method of claim 1455, wherein the one or more heat sources comprise natural 
distributed combustors. 

1462. The method of claim 1455, further comprising controlling the pressure ancka 
30 temperature within at least a majority of the selected section of the formation, wherert 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
auction of pressure. 

1463. TheWthod of claim 1455, further comprising controlling the heat such that an 
average heatingVate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1464. The method of clairn 1455, wherein providing heat from the one or more heat 
sources to at least the portioned formation comprises: 

heating a selected volume^ V) of the coal formation from the one or more heat 
sources, wherein the formation has 2m average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatioiy \ \ 

Pwr = h*V*C v *p B \K 

wherein Pwr is the heating energymay; h ts^n average heating rate of the 
formation, p B is formation bulk density, and wherein\the heating rate is less than about 10 
°C/day. \ 

1465. The method of claim 1455, wherein allowing the hekt to transfer comprises 
transferring heat substantially by conduction. \ 

1466. The method of claim 1455, wherein providing heat from thkone or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1 468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non^ 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method of claim 1455, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by^weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 




1 47 1 . The method of claim 1455, wherein/the produced mixture comprises condensable 



III hydrocarbons, and wherein less than fcbdut 1 %%>Lweight, when calculated on an atomic 



1 5 basis, of the condensable hydrocarbons is sulfur. 

1 472. The method of claim X*55. wherein the produced mixture comprises condensable 
hydrocarbons, wherein abput 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise/oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1474/ The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1476. The method of claim 1455, wherein the produced mixture comprises^ondensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1477. The method of claim 1455, wherein the produced mbtfure comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by vmume of the non-condensable 
component, and wherein the hydrogen is le^s^than^bout 80 % by volume of the non- 
condensable component. / JY 

1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 0 /oDy weight of the produced mixture is ammonia. 



1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is y used to produce fertilizer. 



1480. The method of,daim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2/0 bar absolute. 

1481 . The rnethod of claim 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 

1482. The method of claim 1455, further comprising decreasing pressure of the selected 
secWnrto a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. , 



5 1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1485. The method of claim 1455, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture/into the formation. 
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1486. The method of claim 1455, further comprising: 
providing hydrogen (H 2 ) to the heated^ection to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the section Witti heat from hydrogenation. 

1487. The method of claim 1455/fiirther cc^npnsing: 
producing hydrogen an<f condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

20 portion of the produced hydrogen. 



25 



1 488. The method/6f claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1489. Tpe method of claim 1455, wherein allowing the heat to transfer comprises 
substamially uniformly increasing a permeability of a majority of the selected section. 



1490. The method of claim 1455, further comprising controlling the heat to yield greater 
30 man about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1491 . The method of claim 1455. wherein producing the mixture comprises producing / 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1492. The method of claim 1455, further comprising providing heat fronmree or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wtferein the unit of heat 
sources comprises a triangular pattern. / 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heaysources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a reiaetiti^e pattern of units. 



1494. A method of treating a coal forma&em in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

providing H 2 to the formation to produce a reducing environment in at least some 
of the formation; / 

producing a/mixture from the formation. 

1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two Mat sources, and wherein superposition of heat from at least the two heat 
sources ttyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 

1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. \ 

1499. The method of claina 1494, wherein the one or more heat sources comprise 
surface burners. \ 

1500. The method of claim 1494, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1 501 . The method of claim 1494, wherein the one or more heat sources comprise natural 
distributed combustors. /\ . 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, orthe temperature is controlled as 
a function of pressure. \ 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C Yer day during 
pyrolysis. \ 

1 504. The method of claim 1494, wherein providing heat from the one oKmore heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or morfcheat 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; anck 
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Nwherein heating energy/day provided to the volume is equal to or less than Pw t\ 
wherein Awr is calculated by the equation: 

whereinNPwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

1 505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially bj\conduction. 

1 506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 5 1 507. The method of claim 1 494, wherein theprod 



iced mixture comprises condensable 



hydrocarbons having an API gravity of at least abbm 2: 



20 



1508. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abo^ 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



25 



1 509. The method of claim 1494, wherein the produced mixture^comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to etHane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 

1510. The method of claim 1 494, wherein the produced mixture comprises\ondensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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V&y 1 . The method of claim 1 494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tn&condensable hydrocarbons is oxygen. 



5 1512. The methodsof claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wheFein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1513. The method of claim 1 49\ wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % b\weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



k U containing compounds comprise phenols. 

Ill 



III 



1514. The method of claim 1494, wherein me^produced mixture comprises condensable 
II 1 5 hydrocarbons, and wherein greater than abc^it 2j3\9^by weight of the condensable 
r " hydrocarbons are aromatic compounds. 



1515. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more tlran two rings. 

1516. The method of claim 1 494, wherein the produced mixture comprises condensable 
. hydrocarbons, and wherein less than about 0.3 % by weight of th\ condensable 

hydrocarbons are asphaltenes. 

25 

1517. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight\f the 
condensable hydrocarbons are cycloalkanes. 

30 1518. The method of claim 1 494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen^ 
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Wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1519. The method of claim 1 494, wherein the produced mixture comprises ammonia, 
and wherein^greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the anunonia is used to produce fertilizer. 

1521. The method of claim 1 494, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1522. The method of claim 14514, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. X * ' 

1523. The method of claim 1494, whetem the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons; from the formation having carbon 
numbers greater than about 25. \ 

1525. The method of claim 1494, wherein providingvhydrogen (H 2 ) to the formation 
further comprises: \ 

hydrogenating hydrocarbons within the section; and 

heating a portion of the section with heat from hydro^enation. 

1526. The method of claim 1494, further comprising: \ 
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roducing hydrogen and condensable hydrocarbons from the formation; and 
hyorogenating a portion of the produced condensable hydrocarbons with at least a 
portion of thesproduced hydrogen. 

5 1527. The method of claim 1 494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

1 528. The method of claim 1^94, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 



m 
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1 529. The method of claim 1494, fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 530. The method of claim 1494, wherein mpducing the mixture comprises producing 
the mixture in a production well, and wherein \pt least about 7 heat sources are disposed in 
the formation for each production well. 

1531. The method of claim 1 494, further comprising providing heat from three or more 
heat sources to at least a portion of the formatiom wherein three or more of the heat 
sources are located in the formation in a unit of heV sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 532. The method of claim 1494, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherern three or more of the heat 
sources are located in the formation in a unit of heat sourcW wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 1 533. A method of treating a coal formation in situ, comprising:^ 
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jjroviding heat from one or more heat sources to at least a portion of the 
formation^ 

allovting the heat to transfer from the one or more heat sources to a selected 
section of the Estimation; 
5 providing 1^2 to the selected section to hydrogenate hydrocarbons within the 

selected section and heat a portion of the section with heat from the hydrogenation; 
and \ 

controlling heating\pf the selected section by controlling amounts of H2 provided 
to the selected section. \ 
10 \ 

1 534. The method of claim 1 53V wherein the one or more heat sources comprise at 
least two heat sources, and whereirksuperposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

15 /\ yl 

1 535. The method of claim 1 533, further o^norising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1536. The method of claim 1 533, wherein the onfe or more heat sources comprise 
20 electrical heaters. \ 

1537. The method of claim 1533, wherein the one or mbre heat sources comprise 
surface burners. \ 

25 1538. The method of claim 1533, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1 539. The method of claim 1533, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

30 \ 
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1 540. The method of claim 1 533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is^amtrolled as a function of temperature, or the temperature is controlled as 
a function of presWe. 

1 54 1 . The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the sfeJected section is less than about 1 °C per day during 
pyrolysis. \ 

1 542. The method of claim 1 533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to tVwlume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: / \ i 



wherein Pwr is the heating energy/day, h is an aVerage heating rate of the 
formation, p B is formation bulk density, and wherein the Kteating rate is less than about 1 0 
°C/day. \ 

1 543 . The method of claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

1 544. The method of claim 1 533, wherein providing heat from the oneW more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

1 545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons havirte an 
API gravity of at least about 25°. \ 
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1 546. The method of claim 1 533, further comprising producing a mixture from the 
formation- wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

5 are olefins. 

1 547. The method of\laim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

1 0 from about 0.00 1 to about 0.15. 

1 548. The method of claim 1 533, fuhher comprising producing a mixture from the 



„p formation, wherein the produced mixtureseomprises condensable hydrocarbons, and 

V- \ 

j*" wherein less than about 1 % by weight, whqi calculated on an atomic basis, of the 

$! 15 condensable hydrocarbons is nitrogen. 



!«i 1 549. The method of claim 1533, further comprising producing a mixture from the 

a F . \ 

HI formation, wherein the produced mixture comprises condensable hydrocarbons, and 
;|- wherein less than about 1 % by weight, when calculated\n an atomic basis, of the 

It;: J 

M 20 condensable hydrocarbons is oxygen. 



1 550. The method of claim 1533, further comprising producing^ mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic\asis, of the 

25 condensable hydrocarbons is sulfur. 

1551. The method of claim 1533, further comprising producing a mixture froni the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons compose 

30 oxygen containing compounds, and wherein the oxygen containing compounds comprises 
phenols. 
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1552. The method of claim 1 533, further comprising producing a mixture from the 
formationN^ierein the produced mixture comprises condensable hydrocarbons, and 
wherein greatehihan about 20 % by weight of the condensable hydrocarbons are aromatic 

5 compounds. \ 

1553. The method of chum 1533, further comprising producing a mixture from the 
formation, wherein the proofed mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % bysweight of the condensable hydrocarbons comprises multi- 

1 0 . ring aromatics with more than twist rings. 

iv( 1 554. The method of claim 1 533, furaier comprising producing a mixture from the 

4= formation, wherein the produced mixture^comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight ortfie condensable hydrocarbons are 

^ 15 asphaltenes. / \ I 

'J; 1 555. The method of claim 1533, further compming producing a mixture from the 

it J formation, wherein the produced mixture comprises\ondensable hydrocarbons, and 

p wherein about 5 % by weight to about 30 % by weighrof the condensable hydrocarbons 

= pb 20 are cycloalkanes. \ 

1556. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 

25 greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1557. The method of claim 1533, further comprising producing a mixture horn the 
formation, wherein the produced mixture comprises ammonia, and wherein greyer than 

30 about 0.05 % by weight of the produced mixture is ammonia. \ 



Conley. Rose & Tayon. P C 



1 558. The method of claim 1 533, further comprising producing a mixture from the 
formations wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

1 559. The method of claim 1 533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 baK absolute. 

1 560. The method of claih} 1533, further comprising controlling formation conditions to 
10 produce a mixture from the K*pnation, wherein a partial pressure of H2 within the mixture 

is greater than about 0.5 bar. 

1561 . The method of claim 1560, ^herein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

15 

1 562. The method of claim 1 533, further Wnprising altering a pressure within the 
formation to inhibit production of hydrocarj^s^from the formation having carbon 
numbers greater than about 25. 

20 1 563. The method of claim 1 533, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from a producecKmixture into the formation. 



25 



1 564. The method of claim 1533, further comprising: 

producing hydrogen and condensable hydrocarbons frdhi the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1 565. The method of claim 1 533, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than aj^out 100 
30 millidarcy. 
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1 566. the method of claim 1 533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 567. The method of claim 1 533, wherein the heating is controlled of claim 1533, 
further comprising^producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 

1 568. The method of claim 1 533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattte 



1569. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the fonnation, wherein three or more of the heat 
sources are located in the formation in a unitspf heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing H2 from a co^l formation, comprising: 
providing heat from one or more heat sources to^t least a portion of the 

formation; 

allowing the heat to transfer from the one or more hek| sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein a H 2 parh^il pressure within the 
mixture is greater than about 0.5 bar. 



1571. The method of claim 1 570, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
fonnation. 
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1 572. \he method of claim 1570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 573. The method of claim 1 570, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 574. The method of claim 1 570, wherein the one or more heat sources comprise 
surface burners. \ 

1575. The method of claim 157^, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1576. The method of claim 1 570, wher&n the one or more heat sources comprise natural 
distributed combustors. V~n 

1 577. The method of claim 1570, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1 578. The method of claim 1 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abouN °C per day during 
pyrolysis. \ 

1 579. The method of claim 1 570, wherein providing heat from the o^e or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; ahd 

wherein heating energy/day provided to the volume is equal to or less than Pw r, 
wherein Pwr is calculated by the equation: 
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\Pwr — h*V*C Y *pB 
wterein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p^is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 
5 \ 

1 580. The method of claim 1 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1581. The method of claim 1 5 aO, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
^ a portion of the selected section is greater than about 0.5 W/(m °C). 

Sis! \ 

E p 1 582. The method of claim 1 570, wherem the produced mixture comprises condensable 
hvdrocarbons having an API gravity of at lekst about 25°. 

m is \ 

1 583. The method of claim 1570, wherein the produced mixture comprises condensable 
<3 hydrocarbons, and wherein about 0. 1 % by weigmtto about 1 5 % by weight of the 
ry condensable hydrocarbons are olefins. V_/\^- 

r<= \ 
lis a \ 

}«£ 20 1 584. The method of claim 1 570, wherein the producedtnixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethfene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0\15. 

1 585. The method of claim 1570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. \ 

1 586. The method of claim 1 570, wherein the produced mixture comprises c^densable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. ^ 
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1 587. The method of claim 1 570. wherein the produced mixture comprises condensable 
hydrocarlxHis, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1 588. The method ordaim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abbut 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygehj containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1 589. The method of claim 1 570, wherbm the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. V\ 

1590. The method of claim 1570, wherein th^proaoced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with morctfhan two rings. 

1 591 . The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. \ 

1 592. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

25 \ 

1 593. The method of claim 1 570, wherein the produced mixture comprises aW>n- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non\ 

30 condensable component. \ 
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1 594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wheton greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 595. The metnfcd of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein the ammcmia is used to produce fertilizer. 

1 596. The method of clairrNl 570, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1 597. The method of claim 1 570, furthbr comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. (\ K 

1 598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. \ 

1599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating th^ condensed hydrocarbons 
with a portion of the hydrogen. \ 

1 600. The method of claim 1 570, further comprising: \ 

providing hydrogen (H2) to the heated section to hydrogenateWdrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. \ 

1 601 . The method of claim 1 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than aboutO 00 
millidarcy. \ 
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1 602. The method of claim 1 570, wherein allowing the heat to transfer comprises 
substantias uniformly increasing a permeability of a majority of the selected section. 

1 603 . The method of claim 1 570, further comprising controlling the heat to yield greater 
than about 60 % b)Nweight of condensable hydrocarbons, as measured by Fischer Assay. 

1 604. The method of clhim 1 570, wherein producing the mixture comprises producing 
the mixture in a productionWlL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 605 . The method of claim 1 570, lurther comprising providing heat from three or more 
heat sources to at least a portion of thVformation, wherein three or more of the heat 
sources are located in the formation in aWiit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. Y n 

1 606. The method of claim 1 570, fiirthefcon^rt^ing providing heat from three or more 
heat sources to at least a portion of the formation\wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a^plurality of the units are repeated 
over an area of the formation to form a repetitive patten^pf units. 

1 607. The method of claim 1 570, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. \ 

1608. A method of treating a coal formation in situ, comprising: \ 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources toNa selected 

section of the formation; \ 

wherein the selected section has been selected for heating using an atomic 

hydrogen weight percentage of at least a portion of hydrocarbons in the selectecTsection, 
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id wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than abouM.O %; and 

produciAg a mixture from the formation. 

1 609. The method of claim 1 608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some nydrocarbons within the selected section of the 
formation. 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1611. The method of claim 1608, wherein the oh^STpore heat sources comprise 
15 electrical heaters. 

1612. The method of claim 1608, wherein the one or m\re heat sources comprise 
surface burners. 

20 1613. The method of claim 1608, wherein the one or more heatv^ources comprise 
flameless distributed combustors. 

1614. The method of claim 1608, wherein the one or more heat source\comprise natural 
distributed combustors. 



25 



1615. The method of claim 1 608, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, whterein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



30 
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1616. Vhe method of claim 1608. further comprising controlling the heat such that an 
average noting rate of the selected section is less than about 1 °C per day during 

pyrolysis. \ 

1617. The methochof claim 1 608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selectedvolume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr r 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energyXday, h is an average heating rate of the 
formation, p B is formation bulk density, andVherein the heating rate is less than about 1 0 

°C/day. f 

1618. The method of claim 1 608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

1619. The method of claim 1 608, wherein providing hea\from the one or more heat 
sources comprises heating the selected section such that a thfemial conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(irt\°C). 

1620. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

1621. The method of claim 1 608, wherein the produced mixture comprises^oondensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of tiife^ 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable\ydrocarbons ranges from about 0.001 to about 0. 1 5. 

1623. The metho<rof claim 1608. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable lwdrocarbons is nitrogen. 

1624. The method of claim 1&08, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is scdftxr. 

1 626. The method of claim 1 608, wherein the W>duced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abbut 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1 627. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1 628. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condehsable 
hydrocarbons comprises multi-ring aromatics with more than two rings. \ 
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1 629. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 630. The method of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, andWherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocafbons are cycloalkanes. 

1 63 1 . The method of cl^im 1 608, wherein the produced mixture comprises a non- 
condensable component, Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 632. The method of claim 1 608, Vherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wher^^he produced mixture comprises ammonia, 
and wherein the ammonia is used to produceVertilizer. 

1 634. The method of claim 1 608, further comprising controlling a pressure within at 
least a majority of the selected section of the formatioq, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mi^ire is greater than 
about 0.5 bar. 



1636. The method of claim 1635, wherein the partial pressure of H2 within thel^ixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formationsto inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 638. The method of claim 1 608, further comprising controlling formation conditions 
by recirculating a portio\of hydrogen from the mixture into the formation. 

1 639. The method of claim 1 608, further comprising: 

providing hydrogen (H 2 ) the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section vwth heat from hydrogenation. 

1 640. The method of claim 1 608, further apprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced cbftdensable hydrocarbons with at least a 
portion of the produced hydrogen. I y\ 

1 64 1 . The method of claim 1 608, wherein allowing thereat to transfer comprises 
increasing a permeability of a majority of the selected sectfon to greater than about 1 00 
millidarcy. \ 

1 642. The method of claim 1 608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of thte selected section. 

1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 644. The method of claim 1 608, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least about 7 heat sources are dispWd in 
the formation for each production well. \ 
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1645. \ The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources areHocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources compmes a triangular pattern. 

5 \ 

1 646. The method of claim 1 608, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in the flmnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulaKpattem, and wherein a plurality of the units are repeated 

10 over an area of the formation to lorm a repetitive pattern of units. 

1647. A method of treating a coal ibrmation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

15 allowing the heat to transfer from tlWoW or more heat sources to a selected 

section of the formation; ^-^\ 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater tharkabout 4.0 %; and 
producing a mixture from the formation. \ 
20 \ 

1648. The method of claim 1647, wherein the one or mote heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

25 \ 

1 649. The method of claim 1 647, further comprising maintaining atemperature within 
the selected section within a pyrolysis temperature range. \ 

1 650. The method of claim 1 647, wherein the one or more heat sources comprise 
30 electrical heaters. \ 
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1 65 1 . The method of claim 1 647, wherein the one or more heat sources comprise 
surface burners. 

1 652. The method of claim 1 647, wherein the one or more heat sources comprise 
5 flameless distributed combustors. 

1 653. The method of claim 1 647, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1 0 1 654. The method of claim 1 64 ^further comprising controlling a pressure and a 
temperature within at least a majoritV of the selected section of the formation, wherein 
the pressure is controlled as a functionW temperature, or the temperature is controlled as 
a function of pressure. \ 

1 655. The method of claim 1647, further comprising controlling the heat such that an 
15 average heating rate of the selected section fts\es& than about 1 °C per day during 

pyrolysis. ^~~ \ 

1 656. The method of claim 1 647, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises:\ 

20 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacitV (C v )> and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 
25 Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating\ate of the 
formation, p B is formation bulk density, and wherein the heating rate is le^s than about 1 0 
°C/day. \ 

30 1 657. The method of claim 1 647, wherein allowing the heat to transfer comprise 
transferring heat substantially by conduction. ^ 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion oMie selected section is greater than about 0.5 W/(m °C). 

1659. The methodof claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 660. The method of claimvl 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 66 1 . The method of claim 1 647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereinNa molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aWmTOyOOl to about 0.1 5. 

1662. The method of claim 1647, whereiji^^rqduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by\weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

1663. The method of claim 1647, wherein the produced rnixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

1664. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1665. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condenskble 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1666. Khe method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbohs. and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and whetein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 668. The. method of claim 1 o47, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnlMi about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1 669. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \N 

1670. The method of claim 1647, wherein the proouced mixture comprises a non- 
condensable component, wherein the non-condensablescomponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 8o\> by volume of the non- 
condensable component. \ 

1671. The method of claim 1 647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixrare is ammonia. 

1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \^ 



453 



Conley. Rose & Tayon. P C 



1673. SThe method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixtur^, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1675. The method of c&im 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixnire is at a production well. 

1676. The method of claim lo47, further comprising altering a pressure within the 
formation to inhibit production o^f hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 677. The method of claim 1647, further comprising controlling formation conditions 



by recirculating a portion of hydrogen nor 



le mixture into the formation. 



1678. The method of claim 1647, furtheiL^Ompfising: 
providing hydrogen (H 2 ) to the heatec^section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat^rom hydrogenation. 

1 679. The method of claim 1 647, further comprising 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1 680. The method of claim 1 647, wherein allowing the heat to tracer comprises 
increasing a permeability of a majority of the selected section to greater^an about 100 
millidarcy. 
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1 68 1 . The method of claim 1 647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % bj\weight of condensable hydrocarbons, as measured by Fischer Assay. 

1683. The method of a&um 1647, wherein producing the mixture comprises producing 
the mixture in a productiorrwell. and wherein at least about 7 heat sources are disposed in 
1 0 the formation for each production well. 

f XS 1 684. The method of claim 1 647, iurther comprising providing heat from three or more 

heat sources to at least a portion of tnfe formation, wherein three or more of the heat 
111 sources are located in the formation in kunit of heat sources, and wherein the unit of heat 
'!?: 1 5 sources comprises a triangular pattern. 



r" 

i'ij 
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1685. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formations wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein ^plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1686. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at leas\a portion of the 

25 formation; 

allowing the heat to transfer from the one or more heat souths to a selected 
section of the formation; 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and whereiVat least a 
30 portion of the hydrocarbons in the selected section comprises a vitrinite reflectarkf of 
greater than about 0.3 %: 
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therein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 

1687. The methoXpf claim 1686, wherein the one or more heat sources comprise at 
least two heat sources>and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas\some hydrocarbons within the selected section of the 
formation. 

1688. The method of claim 16W further comprising maintaining a temperature within 
the selected section within a pyroWsis temperature. 

1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1 .5 % 
such that a majority of the produced mixture comprises condensable hydrocarbons. 

1690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 



of hydrocarbons within the selected section is 



veen about 1 .4 % and about 4.2 % such 



that a majority of the produced mixture comprises %tfh-condensable hydrocarbons. 

1 691 . The method of claim 1 686, wherein the one or ipore heat sources comprise 
electrical heaters. 

1692. The method of claim 1686, wherein the one or more Ws^at sources comprise 
surface burners. 

1693. The method of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1694. The method of claim 1686, wherein the one or more heat sources compm^ natural 
distributed combustors. 
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V695. The method of claim 1686, further comprising controlling a pressure and a 
temterature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. \ 

1 697. The method of claim 1686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (l\of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) ; and wherein the heating 
pyrolyzes at least some hydrocarbons witnin the selected volume of the formation; and 

wherein heating energy/day provideaKfcTthe volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: ( V \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is ata average heating rate of the 
formation, p B is formation bulk density, and wherein thfe heating rate is less than about 1 0 
°C/day. \ 

1 698. The method of claim 1686, wherein allowing the heat tostransfer comprises 
transferring heat substantially by conduction. \ 

1 699. The method of claim 1 686, wherein providing heat from the one\or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

1 700. The method of claim 1 686, wherein the produced mixture comprises conden^ble 
hydrocarbons having an API gravity of at least about 25°. \ 
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\ 1 70 1 . The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

5 \ 

1 702. The mfetfiod of claim 1 686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

10 .1 703 . The method of clainN 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less'than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1704. The method of claim 1686. wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about r^by^eight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. A 

1 705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weignK when calculated on an atomic 

20 basis, of the condensable hydrocarbons is sulfur. \ 

1 706. The method of claim 1686, wherein the produced mixture \pmprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weignHof the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the^oxygen 

25 containing compounds comprise phenols. \ 

1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable \ 
hydrocarbons are aromatic compounds. \ 

30 
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p?08. The method of claim 1686, wherein the produced mixture comprises condensable 
hyatocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 709. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are afcphaltenes. 

1710. The method of claim 1 686, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein Vbout 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons arescycloalkanes. 

1711. The method of claim 1 686,Wherein the produced mixture comprises a non- 
condensable component, wherein theVon-condensable component comprises hydrogen. 

1 5 wherein the hydrogen is greater than abbut 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is lessen about 80 % by volume of the non- 
condensable component. (\\ 

1712. The method of claim 1686, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1713. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

25 1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the compiled pressure 
is at least about 2.0 bar absolute. \ 

1715. The method of claim 1 686, further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H 2 within the mixture is greater thak 
about 0.5 bar. \ 
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l\l 6. The method of claim 1715, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1717. The method of claim 1 686, further comprising altering a pressure within the 
formation to^nhibit production of hydrocarbons from the formation having carbon 
numbers greateKthan about 25. 



10 



1718. The method of claim 1 686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



ill 1719. The method of claim\686, further comprising: 

?T providing hydrogen (H 2 \to the heated section to hydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the secticfo with heat from hydrogenation. 



Ill 



ru 



20 



1 720. The method of claim 1 686, rurtner xottumsing : 

producing hydrogen and condenSaHe^iy^ocarbons from the formation; and 
hydrogenating a portion of the produceo^ondensable hydrocarbons with at least a 

portion of the produced hydrogen. 



25 



1 72 1 . The method of claim 1 686, wherein allowing thesheat to transfer comprises 
increasing a permeability of a majority of the selected sectihp to greater than about 100 
millidarcy. 

1 722. The method of claim 1 686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 723 . The method of claim 1686, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by FischeKAssay. 
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J 724. The method of claim 1 686, wherein producing the mixture comprises producing 
thevmixture in a production well, and wherein at least about 7 heat sources are disposed in 
the fohnation for each production well. 

1 725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located^ the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 726. The method of claims! 686, further comprising providing heat from three or more 
heat sources to at least a portioh of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form ^repetitive pattern of units. 

1 727. A method of treating a coal formation iptaitu, comprising: 
providing heat from one or more heat^oukes to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one\>r more heat sources to a selected 
section of the formation; \ 

wherein the selected section has been selected lor heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
the portion of the selected section comprises a total organi ^matter weight percentage, of 
at least about 5.0 %; and \ 

producing a mixture from the formation. \ 

1 728. The method of claim 1 727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least tHfe two heat 
sources pyrolyzes at least some hydrocarbons within the selected section onhe 
formation. \ 
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"1^29. The method of claim 1 727, further comprising maintaining a temperature within 
the fleeted section within a pyrolysis temperature range. 



1 730. Thelnethod of claim 1 727, wherein the one or more heat sources comprise 
5 electrical heatei^. 

1 73 1 . The method o^claim 1 727, wherein the one or more heat sources comprise 
surface burners. 

10 1 732. The method of claim f727, wherein the one or more heat sources comprise 
flameless distributed combustors: 

1733. The method of claim 1727, wh^ein the one or more heat sources comprise natural 
distributed combustors. 



15 



20 



1 734. The method of claim 1 727, further commsing controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 735. The method of claim 1 727, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about\l °C per day during 
pyrolysis. 



25 1 736. The method of claim 1 727, wherein providing heat from theNpne or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one\>r more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
30 wherein heating energy/day provided to the volume is equal to or less tH^n Pwr 9 

wherein Pwr is calculated by the equation: 
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Pwr = h*V*C v *p B 

\ wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pb is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/da>\ 

1 737. The method of claim 1 727, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 738. The method of claim 1 727, wherein providing heat from the one or more heat 
sources comprises heating xhe selected section such that a thermal conductivity of at least 
a portion of the selected sectibn is greater than about 0.5 W/(m °C). 

1 739. The method of claim 1 727,Nwherein the produced mixture comprises condensable 
hydrocarbons having an API gravity at least about 25°. 

1 740. The method of claim 1 727, wheremthe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % bwQtoght to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1 741 . The method of claim 1 727, wherein the proouced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio M* ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 742. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wheircalculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

1 743 . The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated^ an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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1 744. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis\pf the condensable hydrocarbons is sulfur. 

1 745. The^method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbonsN^herein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



IT* 



10 1 746. The method of clah$i 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1 747. The method of claim 1 727, wfterein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromat^s^ith more than two rings. 

1 748. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 



25 



30 



1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3(K^/o by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume oftjie non- 
condensable component. 
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J 75 1 . The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 752. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein ti\e ammonia is used to produce fertilizer. 

1 753. The method of claim 1 727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar abs&lute. 

1 754. The method of claim 1 727, further comprising controlling formation conditions to 
produce the mixture, wherein a panial pressure of H 2 within the mixture is greater than 
about 0.5 bar. \ 

1 755. The method of claim 1 754, whereiivlhe partial pressure of H2 within the mixture 
is measured when the mixture is at a productiornvell. 

1 756. The method of claim 1 727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from, the formation having carbon 
numbers greater than about 25. \ 

1 757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 758. The method of claim 1 727, further comprising: \ 
providing hydrogen (H 2 ) to the heated section to hydrogenate Hydrocarbons 

within the section; and \ 

heating a portion of the section with heat from hydrogenation. \ 

1 759. The method of claim 1 727, further comprising: \ 
producing hydrogen and condensable hydrocarbons from the formation; and \ 
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iiydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion ofithe produced hydrogen. 

1 760. The method of claim 1 727, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

1 761 . The method of claim 1 727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 762. The method of claim 1 727, further comprising controlling the heat to yield greater 
than about 60 % by weight of conotensable hydrocarbons, as measured by Fischer Assay. 

1 763. The method of claim 1 727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein-aUeast about 7 heat sources are disposed in 
the formation for each production well. [ \ / \ 

1 764. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 765. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three\>r more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 766. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the^ 

formation; 
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llowing the heat to transfer from the one or more heat sources to a selected 
section olXhe formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 
producing^ mixture from the formation. 

1 767. The method of isJaim 1 766, wherein the one or more heat sources comprise at 
least two heat sources, anci wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sofcpe hydrocarbons within the selected section of the 
formation. 

1768. The method of claim 1 766, Wther comprising maintaining a temperature within 
the selected section within a pyrolysis\temperature range. 



1 769. The method of claim 1 766, whe^ 
electrical heaters. 



nivthelone or more heat sources comprise 



1 770. The method of claim 1 766, wherein the on^ or more heat sources comprise 
surface burners. 

1771. The method of claim 1 766, wherein the one or m^re heat sources comprise 
flameless distributed combustors. 

1 772. The method of claim 1 766, wherein the one or more hea^ sources comprise natural 
distributed combustors. 

1773. The method of claim 1 766, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature isfcpntrolled as 
a function of pressure. 
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1 774. The method of claim 1 766, further comprising controlling the heat such that an 
averake heating rate of the selected section is less than about 1 °C per day during 
pyrolysfSL 

1 775. The method of claim 1 766, wherein providing heat from the one or more heat 
sources to at leaststhe portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tnk equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density ,Vid wherein the heating rate is less than about 1 0 

°C/day. Vy 

1 776. The method of claim 1 766, wherein4llowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

1 777. The method of claim 1 766, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(rn °C). 

1 778. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

1 779. The method of claim 1 766, wherein the produced mixture comprises^condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 
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r780. The method of claim 1 766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condehsable hydrocarbons ranges from about 0.001 to about 0.15. 

1781. The Wthod of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 782. The method of clfcim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 783. The method of claim 1 766, therein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^sulftii^ 

1 784. The method of claim 1 766, wherein thesproduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1785. The method of claim 1766, wherein the produced mWe comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weightV the condensable 
hydrocarbons are aromatic compounds. \ 

1 786. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensate 
hydrocarbons comprises multi-ring aromatics with more than two rings. \ 
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787. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydtocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrockrixms are asphaltenes. 

1788. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrooarbons are cycloalkanes. 

1 789. The method of cu^m 1 766, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydKpgen is less than about 80 % by volume of the non- 
condensable component. 



1 790. The method of claim 1 766, wherein the produped mixture comprises ammonia, 
and wherein greater than about 0.05 % by\eight)fff the produced mixture is ammonia. 

1791. The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 792. The method of claim 1 766, further comprising cfctfitrolling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 793 . The method of claim 1 766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixtiite is greater than 
about 0.5 bar. 



1 794. The method of claim 1 793 , wherein the partial pressure of H 2 within th^mixture 
is measured when the mixture is at a production well. 
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T995. The method of claim 1 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbeiWreater than about 25. 

1796. The method of claim 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 797. The method of claim 1 766. further comprising: 
providing hydrogen CH2) to the heated section to hydrogenate hydrocarbons 

within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1798. The method of claim 1766, furtto coi 
producing hydrogen and condensable 
hydrogenating a portion of the produc 

portion of the produced hydrogen. ' \ 

1799. The method of claim 1766, wherein allowing\he heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. \ 

1800. The method of claim 1766, wherein allowing the heat transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1801. The method of claim 1 766, further comprising controlling the helat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 802. The method of claim 1 766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 



rising: 

ydroparbons from the formation; and 
condensable hydrocarbons with at least a 
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H£03. The method of claim 1 766, further comprising providing heat from three or more 
heahsources to at least a portion of the formation, wherein three or more of the heat 
sources'are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at leafct a portion of the formation, wherein three or more of the heat 
sources are located in tn& formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation th form a repetitive pattern of units. 

1 805. A method of treating a coal rormation in situ, comprising: 
providing heat from one or moresheat sources tp^atieast a portion of the 

formation; \ / \/ 

allowing the heat to transfer from the^Ene or more heat sources to a selected 
section of the formation; / / \\ 

wherein the selected section has bet n selected for heating using an atomic oxygen 

weight percentage of at least a portion of hydrocarbons in the selected section, and 

\ 

wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about 1 5% when measured on a dry, ash free 
basis; and \ 

producing a mixture from the formation. \ 

1 806. The method of claim 1 805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least tnktwo heat 
sources pyrolyzes at least some hydrocarbons within the selected section ofthe 
formation. 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1 808. The method of claim 1 805, wherein the one or more heat sources comprise 
elecmcal heaters. 

1 809. The method of claim 1 805, wherein the one or mdre heat sources comprise 
surface burneis. 

1810. The method of claim 1 805, wherein the one or more heat sources comprise 
flameless distributed cohabustors. 

1811. The method of claim 1S05, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1812. The method of claim 1 805, furth^comj&sing^ontrolling a pressure and a 
temperature within at least a majority of th^elecj&a section of the formation, wherein 
the pressure is controlled as a function of ten^ratAre, or the temperature is controlled as 
a function of pressure. \ v. 

1813. The method of claim 1 805, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abdut 1 °C per day during 
pyrolysis. \ 

1814. The method of claim 1 805, wherein providing heat from thVone or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one\r more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less thanSPvir, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C Y *p B \ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formati(M\/>B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1815. The methodvof claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1816. The method of claim 1^805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1817. The method of claim 1 805, wherenj tl/e fer6duced mixture comprises condensable 
hydrocarbons having an API gravity of at leW about 25°. 

1818. The method of claim 1 805, wherein he produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight t\about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1819. The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene\to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5\ 

1820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 82 1 . The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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522. The method of claim 1805. wherein the produced mixture comprises condensable 
hyotocarbons. and wherein less than about 1 % by weight, when calculated on an atomic 
basis, ol the condensable hydrocarbons is sulfur. 

1 823. The method of claim 1 805. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds\omprise phenols. 



IK 



10 1 824. The method of claimV 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



Vi I 



1825. The method of claim 1805, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatjc^\toith more than two rings. 



20 



1826. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % bj( weight of the condensable 
hydrocarbons are asphaltenes. 



25 
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1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30^o by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 828. The method of claim 1 805, wherein the produced mixture consmrises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-corkiensable 
component, and wherein the hydrogen is less than about 80 % by volume of thg non- 
condensable component. 
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1*529. The method of claim 1 805, wherein the produced mixture comprises ammonia. 
andVherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 830. Trie method of claim 1 805, wherein the produced mixture comprises ammonia, 
and whereinNtfie ammonia is used to produce fertilizer. 

1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of me selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bakabsolute. 

1 832. The method of claiito 1805, further comprising controlling formation conditions to 
produce the mixture, wherehra partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 

1833. The method of claim 1 832, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1 834. The method of claim 1 805, furtWttoi^ altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 836. The method of claim 1 805, further comprising: \ 

providing hydrogen (H 2 ) to the heated section to hydrogenke hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. \ 

1 837. The method of claim 1 805, further comprising: \ 
producing hydrogen and condensable hydrocarbons from the formatioik and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
potion of the produced hydrogen. 

1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. \ 

1839. The method of C 
comprises substantially 

10 section. 

O 

Wl 1840. The method of claim 1805, ^ 

[It, than about 60 % by weight of condei 

III 

,p 15 1 84 1 . The method of claim 1 805, wherein Vod 
]U the mixture in a production well, and wherein at 

>P" the formation for each production well. 

III 

£ 

^ 1 842. The method of claim 1 805, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, whereinohree or more of the heat 

sources are located in the formation in a unit of heat sourcesNand wherein the unit of heat 
sources comprises a triangular pattern. \ 

1 843. The method of claim 1805, further comprising providing heaKfrom three or more 
25 heat sources to at least a portion of the formation, wherein three or morkof the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units ak repeated 
over an area of the formation to form a repetitive pattern of units. \ 

30 1 844. A method of treating a coal formation in situ, comprising: \ 



^iim 1805, wherein allowing the heat to transfer further 

formly increasing a permeability of a majority of the selected 




ler comprising controlling the heat to yield greater 
hydrocarbons, as measured by Fischer Assay. 





cing the mixture comprises producing 
t about 7 heat sources are disposed in 
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providing heat from one or more heat sources to a selected section of the 
formatioh: 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at l^t some hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 

producing a mixture from the formation. 

1 845. The method of claim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and whereimsuperposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1 846. The method of claim 1 844, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature riange 

1 847. The method of claim 1 844, wherein the one orxnore heat sources comprise 
electrical heaters. \ 

1 848. The method of claim 1 844, wherein the one or more hekt sources comprise 
surface burners. 

1 849. The method of claim 1 844, wherein the one or more heat source^ comprise 
flameless distributed combustors. 

1 850. The method of claim 1 844, wherein the one or more heat sources compnse natural 
distributed combustors. 

1851. The method of claim 1 844, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a tWiction of pressure. 

1852. The method of claim 1844, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. \ 

1 853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected vhlume (V) of the coal formation from the one or more heat 
sources, wherein the formationshas an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarlWs within the selected volume of the formation: and 

wherein heating energy/day provided to the volume is equal to or less than /Vr ? 
wherein Pwr is calculated by the equation; — 

Pmt = h*V*C v *p s (\A 

wherein Pwr is the heating energy/day/* is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

1 854. The method of claim 1 844, wherein allowing the heht to transfer comprises 
transferring heat substantially by conduction. \ 

1855. The method of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

1 856. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 
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Hs857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hyotocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 858. The m^hod of claim 1844, wherein the produced mixture comprises non- 
condensable hydnaearbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydroc^bons ranges from about 0.001 to about 0.15. 

1 859. The method of clainv 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 860. The method of claim 1 844, whetein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboukl % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is <pWen. 

1 861 . The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1 862. The method of claim 1 844. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensablk 
hydrocarbons are aromatic compounds. \ 
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1 864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 865. The'tnethod of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are a^phaltenes. 



1 866. The method of cl&m 1 844, wherein the produced mixture comprises condensable 
1 0 hydrocarbons, and wherein £k>ut 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1867. The method of claim 1844, wherein the produced mixture comprises a non- 
condensable component, wherein the non^condensable component comprises hydrogen, 

r 1 5 wherein the hydrogen is greater than about Yo % by volume of the non-condensable 
component and wherein the hydrogen is less tfn^n f bout 80 % by volume of the non- 
condensable component. 

1868. The method of claim 1844, wherein the produc^ mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1 869. The method of claim 1 844, wherein the produced mi> 
and wherein the ammonia is used to produce fertilizer. 



compnses ammonia, 



25 1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controH^d pressure 
is at least about 2.0 bar absolute. 



1 871 . The method of claim 1 844, further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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\&72. The method of claim 1871, wherein the partial pressure of within the mixture 
is rheasured when the mixture is at a production well. 

1 873. TV method of claim 1 844, further comprising altering a pressure within the 
formation to^mhibit production of hydrocarbons from the formation having carbon 
numbers greaterohan about 25. 

1 874. The method orclaim 1 844, further comprising controlling formation conditions 
by recirculating a portioirof hydrogen from the mixture into the formation. 

1 875. The method of claim 1 8^4, further comprising: 

providing hydrogen (H 2 ) to\the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section witMife^t from hydrogenation. 

1 876. The method of claim 1 844, furthqj^nmrising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

1 877. The method of claim 1 844, wherein allowing the heaKto transfer comprises 
increasing a permeability of a majority of the selected section tdsgreater than about 100 
millidarcy. \ 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selecte&ssection. 

1 879. The method of claim 1 844, further comprising controlling the heat to yield gWer 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay\ 
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\1 880. The method of claim 1 844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the ibrmation for each production well. 

1 881 . Trie method of claim 1844, further comprising providing heat from three or more 
heat sources lo at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a\triangular pattern. 

1 882. The method of claihi 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatum in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form arepetitive pattern of units. 

1 883 . A method of treating a coal fonnJatioMn situ, comprising: 
providing heat from one or more ng^f soi^cgs to at least a portion of the 

formation; 

allowing the heat to transfer from the one or ihpre heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons Hi the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atbjnic hydrogen to 
carbon ratio is less than about 1.65; and 

producing a mixture from the formation. 

1 884. The method of claim 1 883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heaK 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

5 1 886. Thesmethod of claim 1 883, wherein the one or more heat sources comprise 
electrical heaters. 

1 887. The method of claim 1 883, wherein the one or more heat sources comprise 
surface burners. \ 

10 \ 

1 888. The method of claim 1883, wherein the one or more heat sources comprise 
flameless distributed combustorsK 

1 889. The method of claim 1 883, wheKein^th^one or more heat sources comprise natural 
15 distributed combustors. | \ K 

1 890. The method of claim 1 883, further comprising controlling a pressure and a 
temperature within at least a majority of the selectecksection of the formation, wherein 
the pressure is controlled as a function of temperature,\)r the temperature is controlled as 

20 a function of pressure. \ 

1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °c\er day during 
pyrolysis. \ 

25 \ 

1 892. The method of claim 1 883, wherein providing heat from the one or \iore heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or moreVat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the hbating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and\ 



484 



Conley : Rose & Tayon. P C 



wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
\ Pwr = h*V*C v *p B 

\wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1 893. The methodsof claim 1 883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1894. The method of claim\883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section isWeater than about 0.5 W/(m °C). 

1895. The method of claim 1883, wHerrin the produced mixture comprises condensable 
hydrocarbons having an API gravity ofaweast about 25°. 

1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethenelo ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5\ 

1 898. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 
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1 899. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. Tnte^method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons/wid wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 901 . The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abouKs % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1902. The method of claim 1883, wherknj^^roduced mixture comprises condensable 
hydrocarbons, and wherein greater than abotot 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 904. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of theWidensable 
hydrocarbons are asphaltenes. \ 

1905. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

1 906. The method of claim 1883, wherein the produced mixture comprises a non- \ 
condensable component, wherein the non-condensable component comprises hydrogen, ^ 
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^wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1907. Theroethod of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1908. The method ofsclaim 1 883, wherein the produced mixture comprises ammonia, 
and wherein the ammoni\is used to produce fertilizer. 

1 909. The method of claim 1 8$ 3, further comprising controlling a pressure within at 
least a majority of the selected seoion of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1910. The method of claim 1 883, further chmmrising controlling formation conditions to 
produce the mixture, wherein a partial pr^supMf\{i2 within the mixture is greater than 
about 0.5 bar. \ 

1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. \ 

1912. The method of claim 1 883, further comprising altering aVessure within the 
formation to inhibit production of hydrocarbons from the formation, having carbon 
numbers greater than about 25. \ 

1913. The method of claim 1 883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. \ 

1914. The method of claim 1 883, further comprising: \ 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons \ 

within the section; and \ 
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heating a portion of the section with heat from hydrogenation. 

1915. \rhe method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
5 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1916. The method ofdaim 1 883, wherein allowing the heat to transfer comprises 
increasing a permeability\f a majority of the selected section to greater than about 1 00 

10 millidarcy. 

1917. The method of claim 1 883,\vherein allowing the heat to transfer comprises 
substantially uniformly increasing a peimeability of a majority of the selected section. 



3 f: 15 1918. The method of claim 1883, further c^ip^sing controlling the heat to yield greater 
than about 60 % by weight of condensable hyd&c^bons, as measured by Fischer Assay. 
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1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least abqut 7 heat sources are disposed in 

20 the formation for each production well. 

1920. The method of claim 1883, further comprising providin^heat from three or more 
heat sources to at least a portion of the formation, wherein three orinore of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

25 sources comprises a triangular pattern. 

1 92 1 . The method of claim 1 883, further comprising providing heat from thrfee or more 
heat sources to at least a portion of the formation, wherein three or more of the h^t 
sources are located in the formation in a unit of heat sources, wherein the unit of heats 

30 sources comprises a triangular pattern, and wherein a plurality of the units are repeated N 
over an area of the formation to form a repetitive pattern of units. 
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\922. A method of treating a coal formation in situ, comprising: 

\ providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of tne formation to pyrolyze hydrocarbons within the selected section; 

whereiirat least some hydrocarbons within the selected section have an initial 
atomic hydrogen tovcarbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65; and 

producing a mixtute from the formation. 

1923. The method of claim 1922. wherein the one or more heat sources comprise at 
least two heat sources, and whereinWperposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarixms within the selected section of the 
formation. a^TT 

1 924. The method of claim 1 922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1925. The method of claim 1922, wherein the one or mor&heat sources comprise 
electrical heaters. \ 

1926. The method of claim 1922, wherein the one or more heat sobrces comprise 
surface burners. \ 

1 927. The method of claim 1922, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1 928. The method of claim 1 922, wherein the one or more heat sources comprise naWral 
distributed combustors. \ 
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^929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a functioXof pressure. 

1930. The method of claim 1 922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 93 1 . The method of claimsl 922, wherein providing heat from the one or more heat 
sources to at least the portion orsformation comprises: 

heating a selected volume C*Q of the coal formation from the one or more heat 
sources, wherein the formation has air^yerage heat capacity (C v ) ; and wherein the heating 
pyrolyzes at least some hydrocarbons witb^T^ selected volume of the formation; and 

wherein heating energy/day provick^p the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the Heating rate is less than about 10 
°C/day. \ 

1932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

1933. The method of claim 1922, wherein providing heat from the one or \iore heat 
sources comprises heating the selected section such that a thermal conductivit^of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 

1 934. The method of claim 1 922, wherein the produced mixture comprises condensate 
hydrocarbons having an API gravity of at least about 25°. 




490 



Conley, Rose & Tayon. P C 



1 935. The method of claim 1 922, wherein the produced mixture comprises condensable 
"hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable nvdrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method orclaim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1938. The method of claim 1922/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons ^Sxjugen. 

1939. The method of claim 1922, wherein the s pft)duced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % byNweight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1940. The method of claim 1922, wherein the produced mcrture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by Wight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1 94 1 . The method of claim 1 922, wherein the produced mixture compriseKcondensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 
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1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 943 . The r^ethod of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, arKi wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are afcphaltenes. 

1944. The method of claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein dhouX 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cydoalkanes. 

1945. The method of claim 1922, wnbrein the produced mixture comprises a non- 
condensable component, wherein the noiHeondensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about i itnft by volume of the non-condensable 
component, and wherein the hydrogen is less tnlmabout 80 % by volume of the non- 
condensable component. \ 

1946. The method of claim 1922, wherein the produceci mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixtur\comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

25 1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1949. The method of claim 1922, further comprising controlling formation conditions^ 
30 produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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The method of claim 1949, wherein the partial pressure of H2 within the mixture 
iured when the mixture is at a production well. 

5 1 95 1 . The method of claim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater thanvabout 25. 

1 952. The method of claiik 1 922, further comprising controlling formation conditions 

10 bv recirculating a portion of hydrogen from the mixture into the formation. 

O \ 

iD \ 

\l$ 1953. The method of claim 1922, further comprising: 

providing hydrogen (H2) to the lteated section to hydrogenate hydrocarbons 

within the section; and 1 V \ 

WJ ^-^\\ 
•F 1 5 heating a portion of the section with heat from hydrogenation. 

J: \ 

4\ 1 954. The method of claim 1 922, further comprisW: 

111 \ 

,p producing hydrogen and condensable hydrocarbons from the formation; and 

! B f hydrogenating a portion of the produced condensable hydrocarbons with at least a 

20 portion of the produced hydrogen. \ 

1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greyer than about 100 
millidarcy. \ 

25 \ 

1 956. The method of claim 1 922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected Action. 

1957. The method of claim 1922, further comprising controlling the heat to yield greker 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 959. Tnfe method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises\tri angular pattern. 

1 960. The method of claim 1 922, further comprising providing heat from three or more 
heat sources to at least a poraon of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form\ repetitive pattern of units. 

1 961 . A method of treating a coal formationvin situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one ormore heat sources to a selected 
section of the formation; \ 

wherein the selected section has been selected forheating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected section is less thaxkabout 0.15 and 

producing a mixture from the formation. \ 

1 962. The method of claim 1 961 ? wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two hfeat 
sources pyrolyzes at least some hydrocarbons within the selected section of the \ 
formation. \ 
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K963 . The method of claim 1 96 1 , further comprising maintaining a temperature within 
the\elected section within a pyrolysis temperature range. 

1 964. Tik method of claim 1961 , wherein the one or more heat sources comprise 
electrical heaters. 

1965. The method\>f claim 1961 , wherein the one or more heat sources comprise 
surface burners. \ 

1966. The method of claim\961, wherein the one or more heat sources comprise 
flameless distributed combustore. 

1967. The method of claim 1961, whferein the one or more heat sources comprise natural 
distributed combustors. )C\ 

1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur^pr the temperature is controlled as 
a function of pressure. \ 

1 969. The method of claim 1 96 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °Oper day during 
pyrolysis. \ 

1 970. The method of claim 1 96 1 , wherein providing heat from the one oftnore heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or more\eat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the hating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and\ 
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\ wherein heating energy/day provided to the volume is equal to or less than Pw\ 
wherein Pwr is calculated by the equation: 
\pwr = h*V+C v *p B 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p&As formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

1971. The method orclaim 1 96 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1972. The method of claim 1961 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater4han about 0.5 W/(m °C). 

1 973 . The method of claim 1 961 , wherein^thfe-produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1974. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight tcrabout 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1975. The method of claim 1 96 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethenkto ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.1 5\ 

1 976. The method of claim 1961. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculation an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 
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1 9V. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis. oMhe condensable hydrocarbons is oxygen. 

1 978. The rhethod of claim 1 961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 979. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein aws^ut 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compris\phenols. 

1 980. The method of claim 1 961 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 98 1 . The method of claim 1 961 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by height of the condensable 
hydrocarbons comprises multi-ring aromatics with mote than two rings. 

1 982. The method of claim 1 96 1 , wherein the produced imxture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of\the condensable 
hydrocarbons are asphaltenes. \ 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weighKpf the 
condensable hydrocarbons are cycloalkanes. \ 

1 984. The method of claim 1 96 1 , wherein the produced mixture comprises a non\ 
condensable component, wherein the non-condensable component comprises hydrogek 



497 



Conlcy. Rose & Tayon. P C 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
^component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1985. Tn& method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 986. The method of claim 1 96 1 , wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 987. The method of claim 1 9§1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1988. The method of claim 1961, furtfier comprising controlling formation conditions to 
produce the mixture, wherein a partial pressureW H2 within the mixture is greater than 
about 0.5 bar. \ 

1989. The method of claim 1988, wherein the partial ptessure of H 2 within the mixture 
is measured when the mixture is at a production well. \ 

1990. The method of claim 1961, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation^having carbon 
numbers greater than about 25. \ 

1991. The method of claim 1 96 1 , further comprising controlling foimation\pnditions 
by recirculating a portion of hydrogen from the mixture into the formation. \ 

1 992. The method of claim 1961, further comprising: \ 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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y heating a portion of the section with heat from hydrogenation. 

1 993k The method of claim 1 96 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydfcqgenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 994. The method acclaim 1 961 , wherein allowing the heat to transfer comprises 
increasing a permeabilitysof a majority of the selected section to greater than about 1 00 
millidarcy. \ 

1995. The method of claim 1 96 h wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. V^~^ 

1 996. The method of claim 1 961 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1997. The method of claim 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

1998. The method of claim 1961 , further comprising providingsheat from three or more 
heat sources to at least a portion of the formation, wherein three ormore of the heat 
sources are located in the formation in a unit of heat sources, and whetein the unit of heat 
sources comprises a triangular pattern. \ 

1 999. The method of claim 1 96 1 , further comprising providing heat from thre^r more 
heat sources to at least a portion of the formation, wherein three or more of the heak 
sources are located in the formation in a unit of heat sources, wherein the unit of heat \ 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2000. ^method of treating a coal formation in situ, comprising 

providing heat from one or more heat sources to a selected section of the 
formation; \ 

allowing thereat to transfer from the one or more heat sources to the selected 
section of the formation^) pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater than about 0.025; 

wherein the initial atomieoxygen to carbon ratio is less than about 0.15; and 

producing a mixture from thesformation. 

2001 . The method of claim 2000, wherein\the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wittunthe selected section of the 
formation. / \\ 

2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. \ 

2003. The method of claim 2000, wherein the one or more heat sources comprise 
electrical heaters. \ 

2004. The method of claim 2000, wherein the one or more heat sources comprise 
surface burners. \ 

2005. The method of claim 2000, wherein the one or more heat sources comprise \ 
flameless distributed combustors. ^ 
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2086. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 

2007. The rnethod of claim 2000, further comprising controlling a pressure and a 
temperature wiftun at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure\ 

2008. The method of claim\2000, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formatiorrcomprises: 

heating a selected volume (V) of the cbal formation from the one or more heat 
sources, wherein the formation has an average Beat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the vhlume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: )\\ A 

Pwr = h*V*C v *p B Vy\\ 

wherein Pwr is the heating energy/day, h is an averagfe heating rate of the 
formation, p B is formation bulk density, and wherein the heatingsrate is less than about 10 
°C/day. \ 

2010. The method of claim 2000, wherein allowing the heat to transfer\omprises 
transferring heat substantially by conduction. \ 

201 1 . The method of claim 2000, wherein providing heat from the one or more\eat 
sources comprises heating the selected section such that a thermal conductivity of aKJeast 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 
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2012. YThe method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

201 3. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, ana^wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hvdrocarbons are olefins. 



10 



2014. The method of claiifk2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, anclwherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rangessfrom about 0.001 to about 0.15. 
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20 1 5. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nit^pg^n) 

20 1 6. The method of claim 2000, wherein fhe^fodWged mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

201 7. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wH^n calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 



201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight df the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



30 



20 1 9. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2020. Tshe method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2021 . The method olsclaim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene^. 

2022. The method of claim 2000\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkknes. 

2023. The method of claim 2000, wherqin tneWoduced mixture comprises a non- 
condensable component, wherein the non-conde^able component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bj\volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the producecrmixture is ammonia. 

2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 
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2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0>5 bar. 

5 2028. The mett^od of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

1 0 numbers greater than about 25 . \ 

2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen frrauftfconixture into the formation. 

15 203 1 . The method of claim 2000, further W%isihg: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from nydrogenation. 

20 2032. The method of claim 2000, further comprising: \ 
producing hydrogen and condensable hydrocarbons froh; 
hydrogenating a portion of the produced condensable hy< 
portion of the produced hydrogen. 

25 2033. The method of claim 2000, wherein allowing the heat to transfer Comprises 

increasing a permeability of a majority of the selected section to greater thah about 100 
millidarcy. \ 

2034. The method of claim 2000, wherein allowing the heat to transfer further \ 
30 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. \ 

504 Conley. Rose & Tayon. P C 




the formation; and 
carbons with at least a 



2035. The method of claim 2000, further comprising controlling the heat to yield greater 
tnkn about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2036. ThKmethod of claim 2000, wherein producing the mixture comprises producing 
the mixture ii\ production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2037. The method of cfiaim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2038. The method of claim 2000, funlWromprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unitVf heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2039. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to atHeast a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; \ 

wherein the selected section has been selected for heating usuig a moisture 

content in the selected section, and wherein at least a portion of the selected section 

comprises a moisture content of less than about 1 5%; and \ 

producing a mixture from the formation. \ 

2040. The method of claim 2039, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat \ 
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pyrolyzes at least some hydrocarbons within the selected section of the 
form^n. 

204 1 . Then^hod of claim 2039, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2042. The method of cl^n 2039, wherein the one or more heat sources comprise 
electrical heaters. 

10 2043. The method of claim 2039,\herein the one or more heat sources comprise 
surface burners. 

2044. The method of claim 2039, wherein th^ one or more heat sources comprise 
flameless distributed combustors. 

15 

2045. The method of claim 2039, wherein the one o^more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 2039, further comprising contr&Ung a pressure and a 
20 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2047. The method of claim 2039, further comprising controlling the heat^uch that an 
25 average heating rate of the selected section is less than about 1 °C per day dt^ring 

pyrolysis. 

2048. The method of claim 2039, wherein providing heat from the one or more he^t 
sources to at least the portion of formation comprises: 



Conlev. Rose & Tayon. P C 



heating a selected volume (V) of the coal formation from the one or more heat 
sourc^, wherein the formation has an average heat capacity (C v ), and wherein the heating 
p>Tolyze^at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than /Vr, 
wherein Pwr is\alculated by the equation: 
Pwr = h^V%^y*p B 

wherein Pwr is^he heating energy/day, h is an average heating rate of the 
formation, p B is formation^mlk density, and wherein the heating rate is less than about 1 0 

°C/day. 

2049. The method of claim 2039, ^(herein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section ^clrthat a thermal conductivity of at least 
a portion of the selected section is greater than abouy 6.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25° 



2052. The method of claim 2039, wherein the produced mixtur^ comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2053. The method of claim 2039, wherein the produced mixture comprises non- ' 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane imthe non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2054. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atorhic 
basis, of the condensable hydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hy&rocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, o^the condensable hydrocarbons is oxygen. 

5 \ 

2056. The metlK)d of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons. and\toerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 2057. The method of claim 2Q39, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %^by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols, 

1 5 2058. The method of claim 2039, wherei(y^j»^duced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20\% by weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

2060. The method of claim 2039, wherein the produced mixturecwnprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

25 hydrocarbons are asphaltenes. 

206 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 
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2062. The method of claim 2039, wherein the produced mixture comprises a non- 
oajjdensable component, wherein the non-condensable component comprises hydrogen, 
wherKn the hydrogen is greater than about 10 % by volume of the non-condensable 
componefiL and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable Component. 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater thakabout 0.05 % by weight of the produced mixture is ammonia. 
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10 2064. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, furtnfer comprising controlling a pressure within at 
least a majority of the selected section of^ejoimation, wherein the controlled pressure 
15 is at least about 2.0 bar absolute. 



20 




2066. The method of claim 2039, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of Hf\within the mixture is greater than 
about 0.5 bar. 

2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2068. The method of claim 2039, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation haying carbon 
numbers greater than about 25. 



30 



2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2039, further comprising: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
4n the section; and 

heating a portion of the section with heat from hydrogenation. 



2071 . The methqd of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydr 

2072. The method of claim 2039, Wierein allowing the heat to transfer comprises 
increasing a permeability of a majority^ the selected section to greater than about 1 00 
millidarcy. 

2073. The method of claim 2039, wherein allo^qhg the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as nteasured by Fischer Assay. 

2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat soikces are disposed in 
the formation for each production well. 




2076. The method of claim 2039, further comprising providing heat from three or more 



heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit ofheat 
sources comprises a triangular pattern. 



2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ovfer an area of the formation to form a repetitive pattern of units. 

2078. A method of treating a coal formation in situ, comprising: 
providihg heat from one or more heat sources to a selected section of the 

formation; 

allowing the he^to transfer from the one or more heat sources to the selected 
section of the formation; 

wherein at least a portibQ of the selected section has an initial moisture content of 
less than about 1 5%; and 

producing a mixture from the^formation. 

2079. The method of claim 2078, wheremsme one or more heat sources comprise at 
least two heat sources, and wherein superposinon of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2080. The method of claim 2078, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2081 . The method of claim 2078, wherein the one or more heat sources comprise 
electrical heaters. 

2082. The method of claim 2078, wherein the one or more heat sources comprise 
surface burners. 



2083. The method of claim 2078, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
sdistributed combustors. 

2085. \The method of claim 2078, further comprising controlling a pressure and a 
temperature, within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pre 




2086. The method of claim 2078, further comprising controlling the heat such that an 
10 average heating rate of the seated section is less than about 1 °C per day during 

pyrolysis. 

2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation)aomprises: 



4* 15 heating a selected volume (V) of the cd^l formation from the one or more heat 

pi 



sources, wherein the formation has an average helat capacity (C v ) ? and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

llJ \ 

t t wherein heating energy/day provided to the volume is equal to or less than Pwr, 




wherein Pwr is calculated by the equation: 
20 Pwr = A*F*C V % 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rateHs less than about 1 0 
°C/day. 

25 2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The method of claim 2078, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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Xp90. The method of claim 2078, wherein the produced mixture comprises condensable 
hyatocarbons having an API gravity of at least about 25°. 

2091 . The^nethod of claim 2078, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, atoi wherein a molar ratio of ethene to ethane in the non- 
10 condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is 

15 




2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by\yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wjien calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight\f the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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2098. The method of claim 2078, wherein the produced mixture comprises condensable 
Iwdrocarbons. and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, anilwherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asph^tenes. 

2 1 00. The method of claim zQ78, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abourS % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkangs. 

2101 . The method of claim 2078, whereinthe produced mixture comprises a non- 
condensable component, wherein the non-condei^sable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % byvvolume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2 1 02. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2103. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

2104. The method of claim 2078, further comprising controlling a pressure within at \ 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 
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2105. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2 1 06. The method of claim 2 1 05, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about ^5. 

2108. The method of claim 2078, s fiirther comprising controlling formation conditions 
by recirculating a portion of hydrogensfrom the mixture into the formation. 

2 1 09. The method of claim 2078, further comprising: 

providing hydrogen (H 2 ) to the heated s^tk^n to hydrogenate hydrocarbons 
within the section; and ( V \ 

heating a portion of the section with heat from nydrogenation. 

2110. The method of claim 2078, further comprising: \ 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

2111. The method of claim 2078, wherein allowing the heat to transfer Comprises 
increasing a permeability of a majority of the selected section to greater tharkabout 100 
millidarcy. \ 

2112. The method of claim 2078 , wherein allowing the heat to transfer further \ 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 
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,2113. The method of claim 2078, further comprising controlling the heat to yield greater 
Uian about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2114. TOa method of claim 2078, wherein producing the mixture comprises producing 
the mixture inV production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2115. The method of claim 2078, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patte* 



2116. The method of claim 2078, furiher>comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereinsa plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



20 2117. A method of treating a coal formation in situ, composing: 

providing heat from one or more heat sources to at leastva portion of the 
formation; 

allowing the heat to transfer from the one or more heat sourc^to a selected 
section of the formation; 
25 wherein the selected section is heated in a reducing environment during at least a 

portion of the time that the selected section is being heated; and 

producing a mixture from the formation. 



2118. The method of claim 2117, wherein the one or more heat sources comprise at 
30 least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
foipation. 

2119. The method of claim 2117, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2120. The methotrof claim 2117, wherein the one or more heat sources comprise 
electrical heaters. \ 

10 2121. The method of claim 2\ 1 7, wherein the one or more heat sources comprise 
surface burners. 



15 



2 1 22. The method of claim 2117, whei^in the one or more heat sources comprise 
flameless distributed combustors. 



2123. The method of claim 2117, wherein ■ 
distributed combustors. 



>r more heat sources comprise natural 



2124. The method of claim 2117, further comprising cohtrolling a pressure and a 
20 temperature within at least a majority of the selected sectior^of the formation, wherein 

the pressure is controlled as a function of temperature, or the tehiperature is controlled as 
a function of pressure. 

2125. The method of claim 2117, further comprising controlling the heatssuch that an 
25 average heating rate of the selected section is less than about 1 °C per day dur|r 

pyrolysis. 



2 1 26. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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\ heating a selected volume (F) of the coal formation from the one or more heat 
souhqes, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzfes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is^calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is^he heating energy/day, h is an average heating rate of the 
formation, p B is formatior^bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

2127. The method of claim 2117, \yherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section stoh that a thermal conductivity of at least 
a portion of the selected section is greater than aboM 0.5 W/(m °C). 

2129. The method of claim 2117, wherein the produceaonixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. \ 

2 1 30. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % bV weight of the 
condensable hydrocarbons are olefins. 



2131. The method of claim 2117, wherein the produced mixture compriseknon- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the v non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2132. The method of claim 2117, wherein the produced mixture comprises condensabR 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2133. The method of claim 2117, wherein the produced mixture comprises condensable 
^hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
ba^, of the condensable hydrocarbons is oxygen. 



2 1 34. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2135, The method of claim^2 1 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5\o by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. /^~\ 



2136. The method of claim 2117, wherem-fne produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2(r% by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than twckrings. 

2138. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 



2139. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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v 2140. The method of claim 2117, wherein the produced mixture comprises a non- 

idensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non -condensable 
compon^t, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensablfescomponent. 

2141. The methoXpf claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater tn&ji about 0.05 % by weight of the produced mixture is ammonia. 



2 1 42. The method of claim Zl 1 7, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is useV to produce fertilizer. 

2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section (^thejormation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2 1 44. The method of claim 2117, furtHq^^prisihg controlling formation conditions to 
produce the mixture, wherein a partial pressure of within the mixture is greater than 
about 0.5 bar. 

2 1 45 . The method of claim 2 1 44, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2146. The method of claim 2117, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2 1 47. The method of claim 2117, further comprising controlling formatiorNjonditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2148. The method of claim 2117, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
witftin the section; and 

sating a portion of the section with heat from hydrogenation. 

2149. The method of claim 2117, further comprising: 

producing aydrogen and condensable hydrocarbons from the formation; and 
hydrogenating^a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



Q 
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10 2150. The method of claim 2 1 ls7, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2151. The method of claim 2117, wherein\llowing the heat to transfer comprises 
15 substantially uniformly increasing a permeabiil{>N$f a majority of the selected section. 



P 
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2 1 52. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about T^eat sources are disposed in 
the formation for each production well. 



21 54. The method of claim 2117, further comprising providing heat^from three or more 
25 heat sources to at least a portion of the formation, wherein three or more\pf the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 2117, further comprising providing heat from three or\iore 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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Sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ovfer an area of the formation to form a repetitive pattern of units. 



10 



130 



2156. Ainethod of treating a coal formation in situ, comprising: 

heating a first section of the formation to produce a mixture from the formation; 
heating\second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

2157. The method of claim 2 1 56, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 
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2158. The method of claim 2 1 56, wherei 
1 5 comprises heating with an electrical heater 



ating the first or the second section 



2159. The method of claim 2156, wherein heating^the first or the second section 
comprises heating with a surface burner. 

20 2 1 60. The method of claim 2156, wherein heating the fir^or the second section 
comprises heating with a flameless distributed combustor. 



25 



2161. The method of claim 2156, wherein heating the first or thes^econd section 
comprises heating with a natural distributed combustor. 

2 1 62. The method of claim 2 1 56, further comprising controlling a pressWe and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperathf e is 
controlled as a function of pressure. 
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1 63. The method of claim 21 56, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pNq-olysis. 
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5 2 1 64. The method of claim 2 1 56, wherein heating the first or the second section 
comprises: 

heating a selected volume {V) of the coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hyatocarbons within the selected volume of the formation; and 
10 wherein heating energwiay provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the\quation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, an^wh^rein the heating rate is less than about 10 
15 °C/day. 
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2165. The method of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by conductic 



20 21 66. The method of claim 2 1 56, wherein heating the first or the second section 

comprises heating the first or the second section such that a tnermal conductivity of at 
least a portion of the first or the second section is greater than aoout 0.5 W/(m °C). 

2167. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



30 



2 1 68. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 
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2 1 69. The method of claim 2 1 56, wherein the produced mixture comprises non- 
)ndensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

conafensable hydrocarbons ranges from about 0.001 to about 0.15. 

2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2171. The method of claims2 1 56, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein les^han about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 2 1 56, wherettrthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about \% by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is suit 

2173. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about SO % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, a^d wherein the oxygen 

20 containing compounds comprise phenols. 



2S 



2 1 74. The method of claim 2156, wherein the produced mixturfe comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of tn^ condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim 2156, wherein the produced mixture comprise^condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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K76. The method of claim 2156, wherein the produced mixture comprises condensable 
hyo^carbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 2177. The Wthod of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2178. The method of clfcim 2156, wherein the produced mixture comprises a non- 
10 condensable component, wnerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrfe^en is less than about 80 % by volume of the non- 
condensable component. 



m 

fU 15 2 1 79. The method of claim 2156, wherein, th^produced mixture comprises ammonia, 

si- \ " 

y and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2181. The method of claim 2156, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 



pressure is at least about 2.0 bar absolute. 



25 2182. The method of claim 2 1 56, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixtures greater than 
about 0.5 bar. 



2183. The method of claim 2 1 82, wherein the partial pressure of H2 within the mixture 
30 is measured when the mixture is at a production well. 
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2 1 84. The method of claim 2156, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

21 85. The metnod of claim 2 1 56, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within tnk first or second section; and 

heating a portion ofUhe first or second section with heat from hydrogenation. 

2 1 86. The method of claim 2 1 56, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of theSproduced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

21 87. The method of claim 2156, wherein noting the first or the second section 
comprises increasing a permeability of a majority of the first or the second section to 
greater than about 1 00 millidarcy. \ 

2188. The method of claim 2 1 56, wherein heating the\first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. \ 

2 1 89. The method of claim 2156, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2 1 90. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

2191. The method of claim 2156, further comprising providing heat from threkor more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2 192. The method of claim 2156,/fiirther comprising providing heat from three or more 
heat sources to at least a portion qf the formation, wherein three or more of the heat 
sources are located in the formatjfon in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 



15 



2 1 93 . A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer from the one or more heat sources toa^elected 
section of the formation such that a permeability of at least a portiojym the selected 
section increases to greater than about 100 millidarcy. 



20 



2194. The method of claim 2193, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superpositipn of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbplfc within the selected section of the 
formation. 



2195. The method of claim / 2193, further comprising maintaining a temperature within 
the selected section wkhin a pyrolysis temperature range. 

25 2196. The method of claim 2193, wherein the one or more heat sources comprise 
electrical hdaters. 



2^97. The method of claim 2193, wherein the one or more heat sources comprise 
surface bi 
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219$: — IheuxLetfeeT^ofciaim 2193, wherein the one or more heal source^ comprise — 

flameless distributed combustors. / 

2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2200. The method of claim 2193, further comprising controlling a/pressure and a 
temperature within at least a majority of the selected section of me formation, wherein 
the pressure is controlled as a function of temperature, or theaemperature is controlled as 
a function of pressure. / 

2201. The method of claim 2193, further comprising controlling the heat such that an 
average heating rate of the selected section is l^ss than about 1 °C per day during 
pyrolysis. / 

2202. The method of claim 2193, wjrerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calcu^ted by the equation: 

Pwr = h*V*C v *p B 

whej^in Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



22^9. The method of claim 21®; wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2204. The method of claim2^ from the one or more heat 
sources compjises^ieaflngthe selected section such that a thermal conductivity of at least 
sele ct e d section is grealei than about 0.5 W/(m °C). - ^ 

22Qe. The method of claim 2L93, further comprising producing a mixture from the 
-/formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2^x The method of claim 2lp4, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

22(07. The method of claim 2^6, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2^08. The method of claim 2195, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

$ ) 

22ft 0. The method of claim 2^3, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



fclaim2^: 



22j^< The method of claim 21^5, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

? " ic 

2M2. The method of claim 21^0, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
p compounds. 

H 15 22(13 • The method of claim 2195, further comprising producing a mixture from the 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
|1| ring aromatics with more than two rings. 

sis 

H 20 22T4. The method of claim 2^93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

/ ) 

25 2315. The method of claim 2^>3, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



The method of claim3&93, further comprising producing a mixture from the 
formation, wl^d^the produced mixture comprises a non-condensable component, 
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wherein the non^^Hensable component comprises hydrogen, wherein the hydrogen is 
greater th<p^Tbout 10 % by volume of the non-condensable component, and wherein the 
hydrojgj£h is less than about 80 % by volume of the non-condensable component. 



2^7. The method of claim 21^3, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 




22t8. The method of claim 21*3, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2219. The method ot claim 2iy3, further co mprising controlling a pressure whhtf 
least a majorit}^flthe^ formation, wherein the controlled pressure 



2220. The method of claim ^#>, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 




is greater than about 0.5 bar. 



2 1 . The^method of claim 2220, further comprising producing a mixture from the 
formation, wher&n^the partial pressure of H2 within the mixture is measured when the 
mixture is at a production^welL 

i 

The method of claim 2|#1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ J 

2253. The method of claim 2X93, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 
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2224. The method of claim 2193, further comprising^ 

providing hydrogen (U2)Jo^i^€^od section to hydrogenate hydrocarbons 
within the section 

5 ^*gatiftg-a-p5rtion ot the section wilh heal fium hydiogena 



2225. 1 he method ot clafiTT24^3, further comprising: 

producing hyd^gSnand condensable hydrocarbons from the formation; and 
hydroggffating a portion of the produced condensable hydrocarbons with at least a 
10 portiqn^ub£^i®daee&4¥?^tfgen. 
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2226. The method of claim 2193, further comprising increasing a permeabililyjjfj 
majority of the selected section to greater than about 5 Dare 



2227. The method o£ciahff2l93, wherein allowing the heat to transfer comprises 
substantiaHy^ifoimly^^ 

L 

The method of claim 2JM^ fiirtherx^mprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



^tllrelira 



2229. The method of claim 2 1 93, further comprising producing a ] 
Qjfa production well, wherein at least about 7 heat sources are disjJosed in the formation for 

each production well. 



25 2230. The method of claim 2193, fwth^r comprising providing heat from three or more 
heat sources to at least a portion^r the formation, wherein three or more of the heat 
sources are located in th^ii5nnation in a unit of heat sources, and wherein the unit of heat 
sources comprisesHnangular pattern. 



30 223 1 . JPfie method of claim 2 1 93, further comprising providing heat from three or more 
hearf sniirrp^jY^ |^st a p^rt^" th** formation, wherein three or more of the heat 
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sources are located in the fonnationT^ 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2232. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and 

allowing the heat to transfer from the one or more heat sources to4 selected 
section of the formation such that a permeability of a majority of abreast a portion of the 
selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein the one or'rnore heat sources comprise at 
least two heat sources, and wherein superpositiop^of heat from at least the two heat 
sources pyrolyzes at least some hydrocarboi^within the selected section of the 
formation. 

2234. The method of claim 2232yfurther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2235. The method of clai^n 2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The methoji of claim 2232, wherein the one or more heat sources comprise 
surface burners^ 

2237. The^ method of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
/distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, whepeirf 
the pressure is controlled as a function of temperature, or the temperature is^ptfntrolled as 
a function of pressure. 



2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than ajxiut 1 °C per day during 
pyrolysis. 



10 2241 . The method of claim 2232, wherein^providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume Ur) of the coal formation from the one or more heat 
sources, wherein the formation^nas an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some h^arocarbons within the selected volume of the formation; and 
15 wherein hearing energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is^alculated by the equation: 
Py/L h*V*C v *p B 

therein Pwr is the heating energy/day, h is an average heating rate of the 
foliation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
20 ^e/da\ 



4& 



lyh. The method of claim 2^2^wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2243. The metftod ot claim 2232, wherein providing heat trom the one or iUOic h eat — 
sources comprises heatir 



Secfionsuch that a thermal conductivity of at least 
a^^omgg^efthe-setected section is greater tha n about 0.5 W/(iu °C) : — 



2M The method of claim 2^d, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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22p$. The method of claim ll^fl, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



3? 

22^5. The method of claim 2222, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
10 from about 0.001 to about 0. 1 5. 

$> \ 

22^7. The method of claim 2262, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 



hi 

1 5 condensable hydrocarbons is nitrogen. 
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2248. The method of claim 2^#2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
20 condensable hydrocarbons is oxygen. 

f # 

2yi9. The method of claim 22#2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
25 condensable hydrocarbons is sulfur. 



22&0. The method of claim 2^32, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
30 oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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22^. The method of claim further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 




22p2. The method of claim 2p52, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
10 ring aromatics with more than two rings. 

22f 3. The method of claim 22T2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
15 asphaltenes. 



2264. The method of claim 2282, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
20 are cycloalkanes. 



25 



2253?» ,,; ghe^wfo^ further comprising producing a mixture from the 

formation, wherein the produggd-fitixture comprises a non-condensable component, 
wherein the non-condetffable component comprises hydrogen, wherein the hydrogen is 
greater than abollt 10 % by volume of the non-condensable component, and wherein the 
hydrogep^ls less th an about ft ft„% \\v vnhimp nf the non-condensable component. 



30 



The method of claim 2^f, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 
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2^f?. The method of claim 22^f, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



5 — 2258TThe method of claim 2232, f urther comg risingjaMrti^^ wklur faT — 
least a majoritjLXkf^he^elected section of the formation, wherein the controlled pressure 
is aH^ast abouL2iLb ar absolut e . * 



20 



22^). The method of claim 2^K, further comprising controlling formation conditions to 
10 'produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

^7^^2260. ufevqiethod of claim 2232, further comprising producing a mixture from the 
^ formation, wher^ta^the partial pressure of H2 within the mixture is measured when the 
1 5 mixture is at a production 

2^ol . The method of claim 22^2, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

\M> A 

22#2. The method of claim 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



25 ITie method of claim 2232, further comprising: 

providing hydrogen (H2) to thejieated-seetieirtol^ hydrocarbons 
within the section; mf^^^ 

hegjkig^ with heal fiom hydroge nafron: 



30 2264. ~Tfle*me&adLo£ claim 2232, further comprising: 

producmg-tt^rogen and condensable hydrocarbons from the formation; and 
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hydrogenatmgi^ortion of the produced condensable hydrocarbons with at least a 
portion of the^fwducedhj^ogen. 



"2265. The method of claim 2232, 
increasinj 
"millidarcyi 



Ifffie heat to transfer comprises 
lability of a majority of the selected section to greater than about 100 



2^6. The method of claim 2^f, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2267T^ Thc method of cl ai m 2232, further comprising producing a mixture in a- 
production well, wherein at least about 7 heat sources are disposed in the formatiorv 
each production well. 



2268. The method of claim 2232, further comprising ppoViding heat from three or more 
heat sources to at least a portion of the formation^nerein three or more of the heat 
sources are located in the formation in a upifof heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



2269. The method of cl^ifn 2232, further comprising providing heat from three or more 
heat sources to at le^t a portion of the formation, wherein three or more of the heat 
sources are lopfed in the formation in a unit of heat sources, wherein the unit of heat 
sources oafnprises a triangular pattern, and wherein a plurality of the units are repeated 
tT formation to form a repetitive pattern of units. 




Jrmation in situ, comprising: 
^more heat sources to at least a portion of the 



2270. A method of treat 
providing heat fror 
formation: and 

allowing the heat to ^msfer from the one or more heat sources to a selected 
section of the formation s^fch that a porosity of a majority of at least a portion of the 
selected section increas/s substantially uniformly. 
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2271. The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the sejected section of the 

5 formation. 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature/range. 

10 2273. The method of claim 2270, wherein th^i one or more heat sources comprise 
electrical heaters. 



hi 
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2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. 



2275. The method of claim 2270, 
flameless distributed combustors. 



/herein the one or more heat sources comprise 



2276. The method of claim 2^70, ^herein throne or more heat sources comprise natural 
20 distributed combustors. 



25 



2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at lesfet a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



30 



2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2279. The method of claim 2270, wherein providing ; heat from the one or more heat 

/ 

sources to at least the portion of formation comprises:/ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average hea/capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to /he volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/dky, h is an average heating rate of the 
formation, p B is formation bulk density, apd wherein the heating rate is less than about 1 0 
°C/day. 



111 
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2280. The method of claim 22P0, wbferein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 2270; wherein providing heat from the one or more heat 
sources comprises heating the selected section such mat a thermal conductivity of at least 
a portion of the selected section isWeater than about 0.5 W/(m °C). 



20 2282. The method of claim£270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2283. The method of claim 2270, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 %yby weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2284. The method of claim 2270, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensple hydrocarbons ranges 
from about 0.001 to about 0.15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



10 



2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by wttghV^ynen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2287. The method of claim 21 \ 



1 5 formation, wherein the produced mixture 



70, further comprising producing a mixture from the 
comprises condensable hydrocarbons, and 



wherein less than about 1 % by 
condensable hydrocarbons is siif 



height, when calculated on an atomic basis, of the 



2288. The method of claim/ 2270, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
. phenols. 

25 2289. The methodyof claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater ^nan about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. j 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2292. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2293. The method of claim 2270, furtJ*€r^on^rising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume (if the npb-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the n^condensable component. 

2294. The method of claim 2270, furth^rcog^sing producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270,yfurther comprising producing a mixture from the 
formation, wherein the produced jriixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2297. The method of claim 2270, 
produce a mixture from the formati^ 
is greater than about 0.5 bar. 



fjurtfer comprising controlling formation conditions to 
wherein a partial pressure of H2 within the mixture 



2298. Tfce method of claim 211)3, further comprising producing a mixture from the 
formation, ^herein the partial pressure of H2 within the mixture is measured when the 
mixture is at £j\production well. 

2299. The methoo^of claim 2 1 93, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aboyt 25. 

2300. The method of claim 2J93, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formatic 



2301 . The method of claim 2270, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with Jieat from hydrogenation. 



2302. The method of claim 2270, nirtner comprising: 

producing hydrogen and conzfensable hydrocarbons from the formation; and 
hydrogenating a portion ofthe produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2303. The method of clajm 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability/of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2306. The method of claim 2270, ftiiAer /comprising producing a mixture in a 



production well, and wherein at lea/t ab< 
for each production well. 



it 7 heat sources are disposed in the formation 



2307. The method of claim 2210, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni^f heat sources, and wherein the unit of heat 
sources comprises a triangular battel" 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triarigular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2309. A method of treating a coal formation m situ, comprising: 
providing heat from one or more heaysources to at least a portion of the 

formation; 

allowing the heat to transfer from/fhe one or more heat sources to a selected 
section of the formation; and 

controlling the heat to yield itf/leW about 15 % by weight of a total organic 
carbon content of at least some of t^Aoal formation into condensable hydrocarbons. 

/ 

23 10. The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2311. The method of claim 2309, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range 

23 1 2. The method of claim 2309, wherein the one oj more heat sources comprise 
electrical heaters. 

10 23 1 3. The method of claim 2309, wherein the ojie or more heat sources comprise 
surface burners. 
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23 14. The method of claim 2309, wherein tpe one or more heat sources comprise 
flameless distributed combustors. 



23 1 5. The method of claim 2309, where 
distributed combustors. 



\e one or more heat sources comprise natural 



23 16. The method of claim 2309, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functio/i of temperature, or the temperature is controlled as 
a function of pressure. 



23 1 7. The method of claim 2309/further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



23 1 8. The method of claim 23(09, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the/one or more heat 
sources, wherein the formation has an average heat capacity (CV). pd wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume/of the formation; and 

wherein heating energy/day provided to the volume is ?qual to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein th/heating rate is less than about 10 
°C/day. 

23 1 9. The method of claim 2309, wherein allowyig the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein {wading heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater Ulan about 0.5 W/(m °C). 

2321 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



25 
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2322. The method of claim 2309, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2323. The method of claim 2309 



further comprising producing a mixture from the 



formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ithane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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^324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
whereih less than about 1 % by weight, when calculated on an atomic basis, of the 
condensaoie hydrocarbons is nitrogen. 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, whereiirthe produced mixture comprises condensable hydrocarbons, and 
wherein less than abok 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2326. The method of claim ^309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfurX 

2327. The method of claim 2309, fimh^comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight W the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable^hydrocarbons are aromatic 
compounds. \ 

2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarD&ns, and 
wherein less than about 5 % by weight of the condensable hydrocarbons compiles multi- 
ring aromatics with more than two rings. 
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2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphahenes. 

233 1 . The rnethod of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 Wby weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

2332. The method of claims2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2333. The method of claim 2309, flmh^^OTnprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising ^producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 

2335. The method of claim 2309, further comprising controlling^ pressure within at 
least a majority of the selected section of the formation, wherein thexontrolled pressure 
is at least about 2.0 bar absolute. \ 

2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within tnfe mixture 
is greater than about 0.5 bar. ^ 
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2337. The method of claim 2309, further comprising producing a mixture from the 
Wmation, wherein the partial pressure of H2 within the mixture is measured when the 
mixrure is at a production well. 

2338. The r^ethod of claim 2309, further comprising altering a pressure within the 
formation to inmbit production of hydrocarbons from the formation having carbon 
numbers greater tm*n about 25. 

2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2340. The method of claim 2309, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and /i^^^ 

heating a portion of the section witn heat from hydrogenation. 

234 1 . The method of claim 2309, further comprising 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least 
portion of the produced hydrogen. \ 

2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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A 2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
a^out 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2345. Xlie method of claim 2309, further comprising producing a mixture in a 

5 productio\well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2346. The methoXof claim 2309, further comprising providing heat from three or more 
heat sources to at leasKa portion of the formation, wherein three or more of the heat 

10 sources are located in the\formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309v further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation inVunit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ank wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a coal formation in situ, comprising: 

20 providing heat from one or more heat sources^to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more neat sources to a selected 
section of the formation; and \ 

controlling the heat to yield greater than about 60 % byVeight of condensable 
25 hydrocarbons, as measured by Fischer Assay. \ 

2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least theWo heat 
sources pyrolyzes at least some hydrocarbons within the selected section ofthe 

30 formation. \ 
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2350\ The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

235 1 . The me&od of claim 2348, wherein the one or more heat sources comprise 
5 electrical heatersX 

2352. The method of claim 2348, wherein the one or more heat sources comprise 
surface burners. \ 

10 2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

2354. The method of claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

15 \ 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. f\ a 

20 ^\ 

2356. The method of claim 2348, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about\ °C per day during 
pyrolysis. \ 

25 2357. The method of claim 2348, wherein providing heat from the Vie or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the fonnauon; and 

30 wherein heating energy/day provided to the volume is equal to or less tham/Vr, 

wherein Pwr is calculated by the equation: \ 
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Pwr = h*V+C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
forrii^tion, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dayi 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2359. The method of claim 2348, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section^ is greater than about 0.5 W/(m °C). 

2360. The method of claim 2348, farther comprising producing a mixture from the 
formation, wherein the produced mixuli^ comprises condensable hydrocarbons having an 

15 API gravity of at least about 25°. 
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2361 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



25 



2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condenfcable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



30 



2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbonsXand 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the\ 
condensable hydrocarbons is nitrogen. 
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£364. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wheran the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about SO % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight orthe condensable hydrocarbons are aromatic 
compounds. \ 

2368. The method of claim 2348, further comprisingsproducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. \ 

2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 
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2370. The method of claim 2348, further comprising producing a mixture from the 
tbmiation, wherein the produced mixture comprises condensable hydrocarbons, and 
whe\in about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cyclhalkanes. 

2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, whereinsthe produced mixture comprises a non-condensable component, 
wherein the non-condfensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % By volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2372. The method of claim 2348v further comprising producing a mixture from the 
formation, wherein the produced miWre comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced^ mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 

2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

2375. The method of claim 2348, further comprising controllingtjprmation conditions to 
produce a mixture from the formation, wherein a partial pressure ofrh within the mixture 
is greater than about 0.5 bar. \ 

2376. The method of claim 2348, further comprising producing a mixture fiWn the 
formation, wherein the partial pressure of H2 within the mixture is measured whfcn the 
mixture is at a production well. \ 
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2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
nuhibers greater than about 25 . 

2378. The method of claim 2348, further comprising producing a mixture from the 
formation a*Kl controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2379. The methodW claim 2348, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

2380. The method of claim 234$. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the ^produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2381 . The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2382. The method of claim 2348, wherein allowing the^heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of claim 2348, further comprising producing^ mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. \ 

2384. The method of claim 2348, further comprising providing heat fronrsthree or more 
heat sources to at least a portion of the formation, wherein three or more of tne heat 
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y^ources are located in the formation in a unit of heat sources, and wherein the unit of heat 
/ sources comprises a triangular pattern. 

2385. The method of claim 2348, further comprising providing heat from three or more 
heat sources U\at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2386. A method of treating ascoal formation in situ, comprising: 

heating a first section of me formation to pyrolyze at least some hydrocarbons in 
the first section and produce a first rnixture from the formation; 

heating a second section of thesformation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 

2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claim 2386, wherein heating the fira section or heating the second 
section comprises heating with an electrical heater. \ 

2389. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a surface burner. \ 

2390. The method of claim 2386, wherein heating the first section or nfeating the second 
section comprises heating with a flameless distributed combustor. \ 

2391 . The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. \ 
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2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating r^te of the first or second section is less than about 1 °C per day during 
pyrolysis. \ 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: \ 

heating a selected volume (10 of the coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B (vL 

wherein Pwr is the heating energy/oay, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. \ 

2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating the first\ection or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater thaikabout 0.5 W/(m °C). 

2397. The method of claim 2386, wherein the first or second mixturfeicomprises 
condensable hydrocarbons having an API gravity of at least about 25°. \ 
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S2398. The method of claim 2386, wherein the first or second mixture comprises 
cohdensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocaxfcons ranges from about 0.001 to about 0.15. 

2400. The method of clami 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, arid wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

2401 . The method of claim 2386, wnerein the first or second mixture comprises 
condensable hydrocarbons, and wherein^ess than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 



2402. The method of claim 2386, wherein the ffrst or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



2403. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. \ 



2404. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. \ 
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M05. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

2406. Tnk method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydtocarbons are asphaltenes. 
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2407. The method of chum 2386, wherein the first or second mixture comprises 

10 condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

2408. The method of claim 2386, wherein the first or second mixture comprises a non- 
condensable component, and wherein thelK>n-condensable component comprises 

15 hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hyd/ogbj^is les? than about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or secfc^nd mixture comprises 
20 ammonia, and wherein greater than about 0.05 % by weight o^the first or second mixture 

is ammonia. 
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2410. The method of claim 2386, wherein the first or second mixture^omprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure vHthin at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 
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2412. The method of claim 2386, further comprising controlling formation conditions to 
Wduce the first or second mixture, wherein a partial pressure of H2 within the first or 
seccmd^nixture is greater than about 0.5 bar. 

241 3. The method of claim 2386, wherein a partial pressure of H2 within the first or 
second mixture is measured when the first or second mixture is at a production well. 

2414. The method of claun 2386, further comprising altering a pressure within the 
formation to inhibit production^ hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

2415. The method of claim 2386, furthg^Aomprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 

2416. The method of claim 2386, further comprising: 

providing hydrogen (H2) to the first or seconossection to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. \ 

241 7. The method of claim 2386, further comprising: \ 

producing hydrogen and condensable hydrocarbons from the i^rmation; and 
hydrogenating a portion of the produced condensable hydrocarbohs with at least a 
portion of the produced hydrogen. \ 

241 8. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about .100 millidarcy. 
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2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



2420\ The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measurechby Fischer Assay, from the first or second section, respectively. 

2421 . The methocKof claim 2386, wherein producing the first or second mixture 
comprises producing tl^e first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 

2422. The method of claim 2i$6, further comprising providing heat from three or more 
heat sources to at least a portion of\^he formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 




2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein ^plurality of the units are repeated 
over an area of the formation to form a repetitive pattenKof units. 



2424. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least apportion of the 
formation; 

allowing the heat to transfer from the one or more heat source\to a selected 
section of the formation; and 

producing a mixture from the formation through one or more produ^ion wells, 
wherein the heating is controlled such that the mixture can be produced from the 
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formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



2425. Nje method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two. heat 
sources pyrolyzb^at least some hydrocarbons within the selected section of the 
formation. 

2426. The method of clairta 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2427. The; method of claim 2424, wherein the one or more heat sources comprise 
electrical heaters. 

2428. The method of claim 2424, wherein the one or more heat sources comprise 
surface burners. 

2429. The method of claim 2424, wherein the one more heat sources comprise 
flameless distributed combustors. 

2430. The method of claim 2424, wherein the one or more heat sources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the fonrtation, wherein 
the pressure is controlled as a function of temperature, or the temperature \ controlled as 
a function of pressure. 

2432. The method of claim 2424, further comprising controlling the heat such tn^t an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

\ heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyz^s at least some hydrocarbons within the selected volume of the formation: and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr isscalculated by the equation: 

Pwr = h*fc*C v *p B 

wherein Pwr Is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. \ 

2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thata about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produceckmixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to abouM 5 % by weight of the 
condensable hydrocarbons are olefins. \ 

2438. The method of claim 2424, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethahe in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 
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2439. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basXof the condensable hydrocarbons is nitrogen. 

2440. The\iethod of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containingscompounds, and wherein the oxygen 
containing compounds comprise phenols. rC^J 

2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than twoxings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hycfrogen is greater than about 10 % by volume of the non-condensable 
component, and whferein the hydrogen is less than about 80 % by volume of the non- 
condensable component 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0^05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, whetertUhe^produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer 

2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

245 1 . The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. \ 

2452. The method of claim 2452, wherein the partial pressure of H 2 Vithin the mixture 
is measured when the mixture is at a production well. \ 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 
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2454. The method of claim 2424. further comprising controlling formation conditions 
dv recirculating a portion of hydrogen from the mixture into the formation. 

2455. The method of claim 2424, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a potion of the section with heat from hydrogenation. 

2456. The method of claina 2424, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion oKlhe produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

2457. The method of claim 2424, wherein\allowing the heat to transfer comprises 
increasing a permeability of a majority of the\etected section to greater than about 100 
millidarcy. vA\ 

2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or mVe of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

2461 . The method of claim 2424, further comprising providing heat from three\r more 
heat sources to at least a portion of the formation, wherein three or more of the heat\ 
sources are located in the formation in a unit of heat sources, wherein the unit of heat \ 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
Wer an area of the formation to form a repetitive pattern of units. 

2462. \ method of treating a coal formation in situ, comprising: 
prodding heat from one or more heat sources to at least a portion of the 

formation, wherein the one or more heat sources are disposed within one or more first 
wells; \ 

allowing the neat to transfer from the one or more heat sources to a selected 
section of the formation\and 

producing a mixturesfrom the formation through one or more second wells, 
wherein one or more of the first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises providing heat to the 
formation. /vi 

2464. The method of claim 2462, wherein therirst purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first puipose comprises heating, and 
wherein the second purpose comprises removing water fram the formation. 

2466. The method of claim 2462, wherein the first purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the one or more heat sourcekcomprise 
electrical heaters. \ 

2468. The method of claim 2462, wherein the one or more heat sources comprise 
surface burners. \ 
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2469. The method of claim 2462, wherein the one or more heat sources comprise 
nameless distributed combustors. 

2470. \he method of claim 2462, wherein the one or more heat sources comprise natural 
distributed combustors. 

2471 . The methochof claim 2462, further comprising controlling a pressure and a 
temperature within at leMt a majority of the selected section of the formation, wherein 
the pressure is controlled afc^a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

2472. The method of claim 2462, farther comprising controlling the heat such that an 
average heating rate of the selected secHpn is less than about 1 .0 0 C per day during 
pyrolysis. \ 

2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selecteawolume of the formation; and 

wherein heating energy/day provided to the volume\is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating ratevis less than about 10 
°C/day. \ 

2474. The method of claim 2462, wherein providing heat from the one or mcke heat 
sources comprises heating the selected section such that a thermal conductivity oW least 
a portion of the selected section is greater than about 0.5 W/(m °C). \ 
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2475. The method of claim 2462, wherein the produced mixture comprises condensable 
Wirocarbons having an API gravity of at least about 25°. 

2476. W method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbor^and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hyarocarbons are olefins. 

2477. The method ofdaim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbon&.and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2478. The method of claim 2462,\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons rsnjttogen. 

2479. The method of claim 2462, wherein tnfe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

2480. The method of claim 2462, wherein the producea^mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, Mien calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

248 1 . The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weightW the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the \xygen 
containing compounds comprise phenols. \ 

2482. The method of claim 2462, wherein the produced mixture comprises conofensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable >^ 
hydrocarbons are aromatic compounds. 
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2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. T^e method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherbm about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2486. The method of claim 246Awherein the produced mixture comprises a non- 
condensable component, wherein thesnon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abbut 10 % by volume of the non-condensable 
component, and wherein the hydrogen is fess than about 80 % by volume of the non- 
condensable component. ^ \ 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

2489. The method of claim 2462, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlleospressure 
is at least about 2.0 bar absolute. \ 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
Voduce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 bar. 

2491 . TT^method of claim 2490, wherein the partial pressure of H 2 is measured when 
the mixture iirat a production well. 

2492. The method of^laim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about Z5s. 

2493. The method of claim 2462, narther comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. V — ^ 

2494. The method of claim 2462, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising nydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfercomprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2497. The method of claim 2462, wherein allowing the heat to transfer comprisesX 
substantially uniformly increasing a permeability of a majority of the selected sectionX 
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2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

249^ The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formaumi for each production well. 

2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tnbJbrmation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2501 . The method of claim 24(?2mirtfier comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in aoinit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andywherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forming heater wells in a coal formation, comprising: 
forming a first wellbore in the formation; \ 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the fust wellbore; and 

providing at least one heating mechanism within the First wellbore and at least one 
heating mechanism within the second wellbore such that the hehting mechanisms can 
provide heat to at least a portion of the formation. \ 

2503. The method of claim 2502, wherein superposition of heat from tne at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
within the second wellbore pyrolyzes at least some hydrocarbons within a selebted 
section of the formation. \ 
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2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
heateh. 

2506. The mfcriiod of claim 2502, wherein the heating mechanisms comprise surface 
burners. \ 

2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. \ 

2508. The method of claim 2502,\vherein the heating mechanisms comprise natural 
distributed combustors. \ 

2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. \ 

25 10. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heatingonechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day di^wig pyrolysis. 

2511. The method of claim 2502, further comprising: \ 

heating a selected volume (V) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (C v ), and wherein the heaHng 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than rwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
lation, p B is formation bulk density, and wherein the heating rate is less than about 10 



5 25 12. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. \ 

25 1 3. The method of claim\2502, further comprising providing heat from the heating 

10 mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation greater than about 0.5 W/(m °C). 

25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 

15 API gravity of at least about 25°. Y~Y 

25 1 5. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 15 % by weighrof the condensable hydrocarbons 

20 are olefins. \ 

25 1 6. The method of claim 2502, further comprising producingsa mixture from the 
formation, wherein the produced mixture comprises non-condensaode hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hyatocarbons ranges 

25 from about 0.00 1 to about 0.15. \ 

25 1 7. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbonsNand 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the\ 

30 condensable hydrocarbons is nitrogen. \^ 
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25 18. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

25 19. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the producecTmixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 %\y weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2521. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. \ 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons ate 
asphaltenes. \ 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

sAvherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
arfescycloalkanes. 

2525. The^thod of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %Hw volume of the non-condensable component, and wherein the 
hydrogen is less than abouuSO % by volume of the non-condensable component. 

2526. The method of claim 2502\further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the producedsmixture is ammonia. 

2527. The method of claim 2502, furth^omprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 

2528. The method of claim 2502, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. \ 

2529. The method of claim 2528, wherein the partial pressure otSfo within the mixture 
is greater than about 0.5 bar. \ 

2530. The method of claim 2502, further comprising producing a mixtureNfrom the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. \ 
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\ 253 1 . The method of claim 2502, further comprising altering a pressure within the 
fotmation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2532. The^method of claim 2502, further comprising producing a mixture from the 
formation and cxnitrolling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of clami 2502, further comprising: 

providing hydrogen to the portion to hydrogenate hydrocarbons within the 
formation; and \ 

heating a portion of the formation with heat from hydrogenation. 

2534. The method of claim 2502, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation t\pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about YOO millidarcy. 

2536. The method of claim 2502, further comprising allowing heat tot transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze arteast some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. \ 

2537. The method of claim 2502, further comprising controlling the heat to yield g^ter 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay^ 
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2538. The method of claim 2502. further comprising producing a mixture in a 
production well and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2539. The n^ethod of claim 2502, further comprising forming a production well in the 
formation using^magnetic tracking such that the production well is substantially parallel 
to the first wellborevand coupling a wellhead to the third wellbore. 

2540. The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portbsm of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattetn. 

254 1 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2542. A method for installing a heater well into a coal nmnation, comprising: 
forming a bore in the ground using a steerable motor and an accelerometer; and 
providing a heating mechanism within the bore such thatthe heating mechanism 

can transfer heat to at least a portion of the formation. \ 

2543. The method of claim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyroiyzes at least 
some hydrocarbons within a selected section of the formation. \ 

2544. The method of claim 2542, further comprising maintaining a temperatureswithin a 
selected section within a pyrolysis temperature range. \ 
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2545. The method of claim 2542, wherein the heating mechanism comprises an 
electrical heater. 



2546. The method of claim 2542, wherein the heating mechanism comprises a surface 
burner 

2547. The niethod of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. 



2548. The method orN^laim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. 

2549. The method of claim 25^L further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2550. The method of claim 2542, further composing controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day\during pyrolysis. 



2551. The method of claim 2542, further comprising: 

heating a selected volume {V) of the coal formation frorta the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to o\tess than Pur. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p 9 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about N LQ 
°C/day. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
ahe heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The^nethod of claim 2542, further comprising providing heat from the heating 
mechanism to\t least the portion of the formation such that a thermal conductivity of at 
least the portion o£the formation is greater than about 0.5 W/(m °C). 
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10 2554. The method of cWn 2542, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25° 

2555. The method of claim 2542, father comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0. 1 % by weight to about 1 \% by weight of the condensable hydrocarbons 
are olefins. 



2556. The method of claim 2542, further comprising producing a mixture from the 

20 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2557. The method of claim 2542, further comprising producing^ mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic^asis, of the 
condensable hydrocarbons is nitrogen. 



2558. The method of claim 2542, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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\wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
co&densable hydrocarbons is oxygen. 

2559. T^e method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less th&n about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2560. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the proauced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to abourSO % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \_ 

256 1 . The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

w herein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. \ 

2563. The method of claim 2542, further comprising producinga mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

2564. The method of claim 2542, further comprising producing a mixture fa>m the 
formation, wherein the produced mixture comprises condensable hydrocarbonsyand 
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wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are\cycloalkanes. 

2565. Nhe method of claim 2542, further comprising producing a mixture from the 
5 formation,Vherein the produced mixture comprises a non-condensable component, 
wherein the nism-condensable component comprises hydrogen, wherein the hydrogen is 
greater than abofctf 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

10 2566. The method of cbaim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the\produced mixture is ammonia. 

2567. The method of claim 2542, ^lrther comprising producing a mixture from the 

15 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. /C^\ 

2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 

20 at least about 2.0 bar absolute. \ 

2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. \ 

25 \ 

2570. The method of claim 2569, wherein the partial pressure of Hi within the mixture 
is measured when the mixture is at a production well. \ 

2571 . The method of claim 2542, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. \ 
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s2572. The method of claim 2542, further comprising producing a mixture from the 
fommtion and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2573. The method of claim 2542, further comprising: 

providing nvdrogen (H 2 ) to the at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion\f the formation with heat from hydrogenation. 

2574. The method of claim 2$42, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of thV formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permea&lity of a majority of the 
selected section increases substantially uniformly. \ 

2577. The method of claim 2542, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured t)y Fischer Assay. 

2578. The method of claim 2542, further comprising producing a mixture na a 
production well, and wherein at least about 7 heating mechanisms are disposecrin the 
formation for each production well \ 



583 



Con ley. Rose & Tayon. P C 



2579. The method of claim 2542, further comprising providing heat from three or more 
he^t sources to at least a portion of the formation, wherein three or more of the heat 
sourcesare located in the formation in a unit of heat sources, and wherein the unit of heat 
sources coh\prises a triangular pattern. 

2580. The methoc^pf claim 2542, further comprising providing heat from three or more 
heat sources to at leasta portion of the formation, wherein three or more of the heat 
sources are located in thesformation in a unit of heat sources, wherein the unit of heat 
sources comprises a trianguW pattern, and wherein a plurality of the units are repeated 
over an area of the formation to\form a repetitive pattern of units. 

2581. A method for installing of wells in a coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 

mechanism can transfer heat to at least a portion of the formation. 

2582. The method of claim 258 1 , further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2583 . The method of claim 258 1 , wherein the heating mechanism comprises an 
electrical heater. \ 

2584. The method of claim 258 1 , wherein the heating mechankm comprises a surface 
burner. \ 

2585. The method of claim 258 1 , wherein the heating mechanism conWises a flameless 
distributed combustor. \ 

2586. The method of claim 258 1, wherein the heating mechanism comprises anatural 
distributed combustor. 
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2587. The method of claim 2581, further comprising controlling a pressure and a 
teh^erature within at least a majority of a selected section of the formation, wherein the 
pressurfe^is controlled as a function of temperature, or the temperature is controlled as a 
function ot^ressure. 

2588. The method^of claim 2581, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is^ss than about 1 °C per day during pyrolysis. 

2589. The method of claim 258\ further comprising: 

heating a selected volume (P\pf the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day providedsto the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B LX^ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein tne heating rate is less than about 10 
°C/day. \ 

2590. The method of claim 258 1 , further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction, \ 

2591. The method of claim 258 1 , further comprising providing heat fromsdie heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). \ 
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2592. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2593. The method of claim 2581, further comprising producing a mixture from the 
formation, \herein the produced mixture comprises condensable hydrocarbons, and 
wherein abouttU % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

2594. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the proauced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene^o ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. \ 

2595. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whenscalcuiated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 258 1, further comprisingsproducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated onvan atomic basis, of the 
condensable hydrocarbons is oxygen. \ 

2597. The method of claim 2581, further comprising producing a naixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein less than about I % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 

2598. The method of claim 2581, further comprising producing a mixture from tnb, 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

5 2599. The Wthod of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater thaivabout 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

1 0 2600. The method of claim 2§8 1 , further comprising producing a mixture from the 
formation, wherein the produced tmxture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weigh! of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two ringk _ 

1 5 260 1 . The method of claim 258 1 , further conumsing producing a mixture from the 
formation, wherein the produced mixture compos condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

20 2602. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

25 2603. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component \ 
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2604. The method of claim 258 1 , further comprising producing a mixture from the 
^formation, wherein the produced mixture comprises ammonia, and wherein greater than 

about 0.05 % by weight of the produced mixture is ammonia. 

2605. TOa method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2606. The method otsclaim 2581, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2607. The method of claim 258vl, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. \/^ 

2608. The method of claim 2607, whereik the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 2581 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

26 1 0. The method of claim 258 1 , further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2611. The method of claim 258 1 , further comprising: \ 
providing hydrogen (H2) to at least the heated portion to hydrogenate 

hydrocarbons within the formation; and \ 

heating a portion of the formation with heat from hydrogenation. \ 
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2612. The method of claim 2581, farther comprising: 

V producing hydrogen and condensable hydrocarbons from the formation; and 
\ hydrogenating a portion of the produced condensable hydrocarbons with at least a 
5 portion ofthe produced hydrogen. 

2613. The method of claim 258 1 , further comprising allowing heat to transfer from the 
heating mechanisnk to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 

10 selected section of the formation increases to greater than about 100 millidarcy. 

2614. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected sfection of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 

15 selected section increases substantially usuformly. 

26 1 5. The method of claim 258 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 26 1 6. The method of claim 258 1 , further comprising\producing a mixture in a 

production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. \ 

26 1 7. The method of claim 2581, further comprising providing iieat from three or more 
25 heat sources to at least a portion of the formation, wherein three or nsK)re of the heat 

sources are located in the formation in a unit of heat sources, and wherfein the unit of heat 
sources comprises a triangular pattern. \ 

2618. The method of claim 2581, further comprising providing heat from three V more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat \ 

sources are located in the formation in a unit of heat sources, wherein the unit of heat \ 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ov^r an area of the formation to form a repetitive pattern of units. 

2619. A rtethod of treating a coal formation in situ, comprising: 

heatink a selected section of the formation with a heating element placed within a 
wellbore, whereV at least one end of the heating element is free to move axially within 
the wellbore to alloW for thermal expansion of the heating element. 

2620. The method of clahn 26 1 9, further comprising at least two heating elements 
within at least two wellbores>and wherein superposition of heat from at least the two 
heating elements pyrolyzes at lehst some hydrocarbons within a selected section of the 
formation. \ 

262 1 . The method of claim 261 9, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2622. The method of claim 26 1 9, wherein the Heating element comprises a pipe-in-pipe 
heater. \_ 

2623. The method of claim 2619, wherein the heating element comprises a flameless 
distributed combustor. \ 

2624. The method of claim 26 1 9, wherein the heating element\omprises a mineral 
insulated cable coupled to a support, and wherein the support is free to move within the 
wellbore. \ 

2625. The method of claim 2619, wherein the heating element comprises V mineral 
insulated cable suspended from a wellhead. \ 

2626. The method of claim 2619, further comprising controlling a pressure and a \ 
temperature within at least a majority of a heated section of the formation, wherein the\ 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
mnction of pressure. 

2627. Nlie method of claim 2619, further comprising controlling the heat such that an 

5 average heking rate of the heated section is less than about 1 °C per day during pyrolysis. 

2628. The methodsof claim 261 9, wherein heating the section of the formation further 
comprises: \ 

heating a selected\olume (V) of the coal formation from the heating element, 
rl 10 wherein the formation has airaverage heat capacity (C v ), and wherein the heating 
"Sl pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

3,1 3 \ 

a |! wherein heating energy/day provided to the volume is equal to or less than Pwr. 

p j wherein Pwr is calculated by the equattcm: 

Pwr = h*V*C v *p B \ 

w° \ 

J 1 5 wherein Pwr is the heating energy/da^L h is an average heating rate of the 

"Zi formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

111 °C/day. \ n 

H 2629. The method of claim 26 1 9, wherein heating the section of the formation 

20 comprises transferring heat substantially by conduction. \ 

2630. The method of claim 2619, further comprising heating th\selected section of the 
formation such that a thermal conductivity of the selected section is^eater than about 
0.5 W/(m°C). \ 

25 \ 

263 1 . The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons n^ying an 
API gravity of at least about 25°. \ 

30 2632. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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v wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
ate olefins. 

2633. \The method of claim 2619, further comprising producing a mixture from the 

5 formation^ wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a mfcdar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.051 to about 0.15. 

2634. The method of claim 2619, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

•Sis! \ 

if J wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

m \ 

% condensable hydrocarbons is introgen. 

Ill \ 

j** 2635. The method of claim 261 9 5 N Airther comprising producing a mixture from the 

4 s 1 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
p wherein less than about 1 % by weight, \vhen calculated on an atomic basis, of the 

condensable hydrocarbons is oxygen. v— N 

h ^\ 

2636. The method of claim 2619, further comprising producing a mixture from the 

20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 

2637. The method of claim 2619, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

30 2638. The method of claim 261 9, further comprising producing a mixture frorKthe 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2639. The method of claim 2619, further comprising producing a mixture from the 
formation^herein the produced mixture comprises condensable hydrocarbons, and 
wherein less fl^an about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics wMi more than two rings. 

2640. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 %vby weight of the condensable hydrocarbons are 
asphaltenes. \ 

2641. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixturevcomprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 °/o\by weight of the condensable hydrocarbons 
are cycloalkanes. V-> 

2642. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2643. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. \ 

2644. The method of claim 261 9, further. comprising producing a mixture from. the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 
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2645. The method of claim 2619, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

2646. Th^oiethod of claim 2619, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than aboht 0.5 bar. 

10 2647. The method of clalip 2647, wherein the partial pressure of H2 within the mixture 
is measured when the mixtureds at a production well. 

2648. The method of claim 2619, ftirther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
1 5 numbers greater than about 25 . 



2649. The method of claim 2619, further composing producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of claim 2619, further comprising: 
providing hydrogen (H2) to the heated section to hydrogeii^te hydrocarbons 

within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

265 1 . The method of claim 261 9, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; 
hydrogenating a portion of the produced condensable hydrocarbons with at leM a 

portion of the produced hydrogen. 
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2652. The method of claim 2619, wherein heating comprises increasing a permeability 
ora majority of the heated section to greater than about 100 millidarcy. 

2653. The method of claim 2619, wherein heating comprises substantially uniformly 
increasing \permeability of a majority of the heated section. 

2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weignt of condensable hydrocarbons, as measured by Fischer Assay. 

2655. The method of claini 2619, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. \ 

2656. The method of claim 2619, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit\pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2657. The method of claim 2619, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whetein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2658. A method of treating a coal formation in situ, comprising: \ 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to ^selected 

section of the formation; and \ 

producing a mixture from the formation through a production well, wherein the 

production well is located such that a majority of the mixture produced from the \ 
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formation comprises non-condensable hydrocarbons and a non-condensable component 
scomprising hydrogen. 

2659\ The method of claim 2658, wherein the one or more heat sources comprise at 
least twosfreat sources, and wherein superposition of heat from at least the two heat 
sources pyifyyzes at least some hydrocarbons within the selected section of the 
formation. 

2660. The method oXelaim 2658, further comprising maintaining a temperature within 
10 the selected section withhi a pyrolysis temperature range. 

266 1 . The method of claim 25^8, wherein the production well is less than 
approximately 6 m from a heat soVce of the one or more heat sources. 

15 2662. The method of claim 2658, whetein the production well is less than 
approximately 3 m from a heat source of the one or more heat sources. 

2663. The method of claim 2658, wherein tne production well is less than 
approximately 1 .5 m from a heat source of the one\r more heat sources. 

20 

2664. The method of claim 2658, wherein an additional^heat source is positioned within 
a wellbore of the production well. 

2665. The method of claim 2658, wherein the one or more heai\§ources comprise 
25 electrical heaters. 

2666. The method of claim 2658, wherein the one or more heat sources\comprise 
surface burners. 



30 2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

2669. \he method of claim 2658, further comprising controlling a pressure and a 
temperatur^within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

2671 . The method of claim 2658, whetein providing heat from the one or more heat 
sources to at least the portion of formation\pmprises: 

heating a selected volume (V) of the cod formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the voluhie is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate l^Jess than about 10 
°C/day. \ 

2672. The method of claim 2658, wherein allowing the heat to transfer from thfesone or 
more heat sources to the selected section comprises transferring heat substantially bK 
conduction. ^ 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sobrces comprises heating the selected section such that a thermal conductivity of at least 
a portWi of the selected section is greater than about 0.5 W/(m °C). 

2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons haying an API gravity of at least about 25°. 

2675. The method ofdaim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and whereih about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ar&olefins. 

2676. The method of claim 2658, Vherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges froikabout 0.001 to about 0.15. 

2677. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %<by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogemQ 

2678. The method of claim 2658, wherein the produced^ mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, yhen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing .compounds, and wherein the oxygen \ 
containing compounds comprise phenols. \ 
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>68 1 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrochrtions are aromatic compounds. 

2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, anckAvherein less than about 5 % by weight of the condensable 
hydrocarbons composes multi-ring aromatics with more than two rings. 
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2683. The method of claini 2658, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein lefc§ than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

2684. The method of claim 2658, wliferein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byWeight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalkanesv 

2685. The method of claim 2658, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about^O % by volume of the non- 
condensable component. 



25 



2686. The method of claim 2658, wherein the produced mixturkcomprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2687. The method of claim 2658, wherein the produced mixture compiles ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2688. The method of claim 2658, further comprising controlling a pressure witftm at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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\2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
aboutbL5 bar. 

2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured whefc the mixture is at a production well. 

2691 . The method of qaim 2658, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about ZSL 

2692. The method of claim 2658,\urther comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, further comprising: 

providing hydrogen (H2) to the heated\ection to hydrogenate hydrocarbons 
within the section; and Qv^ 

heating a portion of the section with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 1 \ 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. \ 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater thanSabout 100 
millidarcy. \ 

2696. The method of claim 2658, wherein allowing the heat to transfer comprises \ 
substantially uniformly increasing a permeability of a majority of the selected section. \ 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
th^n about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation K>r each production well. 

2699. The method orclaim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2700. The method of claim 2658, fukher comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unk of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitiveNpattern of units. 

2701. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of the formation from one or more first heat 
sources placed within a pattern in the formation; \ 

allowing the heat to transfer from the one or more firsrheat sources to a first 
section of the formation; \ 

heating a second section of the formation with at least one sebond heat source, 
wherein the second section is located within the first section, and wherein at least the one 
second heat source is configured to raise an average temperature of a portion of the 
second section to a higher temperature than an average temperature of the firstSsection; 
and \ 

producing a mixture from the formation through a production well positioneck 
within the second section, wherein a majority of the produced mixture comprises non- \ 
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condensable hydrocarbons and a non-condensable component comprising H2 
components. 

2702. \he method of claim 2701, wherein the one or more first heat sources comprise at 
5 least two nbat sources, and wherein superposition of heat from at least the two heat 

sources pyroly&es at least some hydrocarbons within the first section of the formation. 

2703. The method o£ claim 2701, further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

10 

2704. The method of claim 2^01, wherein at least the one heat source comprises a 
heater element positioned within the production well. 

2705. The method of claim 2701, wherein at least the one second heat source comprises 
1 5 an electrical heater. 

2706. The method of claim 2701, wherein at l^st the one second heat source comprises 
a surface burner. 

20 2707. The method of claim 2701 , wherein at least the\ne second heat source comprises 
a flameless distributed combustor. 

2708. The method of claim 2701 , wherein at least the one se^nd heat source comprises 
a natural distributed combustor. 
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2709. The method of claim 2701 , further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of tt^e formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



30 
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s27 1 0. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °C per day during pyrolysis. 

27 1 1 . The method of claim 2701 , wherein providing heat to the formation further 
compnses: 

heating selected volume (V) of the from the one or more first heat sources, 
wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heatingvenergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculateo^y the equation: 

Pwr = h*V*C x *p B 

wherein Pwr is the heatW energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2712. The method of claim 2701, whereih allowing the heat to transfer comprises 
transferring heat substantially by conductions 



2713. The method of claim 270 1 , wherein providing heat from the one or more first heat 
20 sources comprises heating the first section such thaf\a thermal conductivity of at least a 
portion of the first section is greater than about 0.5 W/(m °C). 
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2714. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25 c 

2715. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by\^eight of the 
condensable hydrocarbons are olefins. 



30 27 1 6. The method of claim 270 1 , wherein a molar ratio of ethene to ethane irKthe non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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27 1 7. The method of claim 2701 , wherein the produced mixture comprises condensable 
lydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
bafcis, of the condensable hydrocarbons is nitrogen. 

271 8. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons^and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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10 2719. The method of clmm 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2720. The method of claim 2701, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing \pmpounds, and wherein the oxygen 
containing compounds comprise phenols. 



2721 . The method of claim 2701, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than about 20 % by\yeight of the condensable 
hydrocarbons are aromatic compounds. 



25 



2722. The method of claim 2701, wherein the produced mixtute comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two ring 
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2723. The method of claim 2701 , wherein the produced mixture comprises\ondensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable^ 
hydrocarbons are asphaltenes. 



604 



Conley ; Rose & Tayon. P C. 



, 2724. The method of claim 2701 , wherein the produced mixture comprises condensable 
\hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
cohdensable hydrocarbons are cycloalkanes. 

5 2725. Tne method of claim 2701 s wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydmgen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component 
10 \ 

2726. The method of claim 2*01, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0j85 % by weight of the produced mixture is ammonia. 

2727. The method of claim 2701 , wherein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used to produce fertilizer. 

2728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the second section oMhe formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. \ 

20 \ 

2729. The method of claim 2701 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within tne mixture is greater than 
about 0.5 bar. \ 

25 2730. The method of claim 2729, wherein the partial pressure of H2 witfiin the mixture 
is measured when the mixture is at a production well. \ 

2731. The method of claim 2701, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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>732. The method of claim 2701, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. Thetaethod of claim 2701 5 further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons withinahe first or second section, respectively; and 

heating a portioXpf the first or second section, respectively, with heat from 
hydrogenation. 
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10 2734. The method of claim 2701/^irther comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2735. The method of claim 2701 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of claim 2701, wherein allowing the heat\o transfer comprises 
20 substantially uniformly increasing a permeability of a majority o^the first or second 
section. 
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2737. The method of claim 2701, wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by Fischer Assay. 



2738. The method of claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 2739. The method of claim 2701 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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^\ sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
purees comprises a triangular pattern. 

2740. The method of claim 2701 , further comprising providing heat from three or more 
5 heat sourcesHo at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises aNtriangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

10 2741 . A method of treating a\pal formation in situ, comprising: 
:fi providing heat into the formation from a plurality of heat sources placed in a 

;r pattern within the formation, whereirka spacing between heat sources is greater than 

4* \ 

H about 6 m; \ 

f\l \ 

jgij allowing the heat to transfer from the plurality of heat sources to a selected 

4* 15 section of the formation; AA 

rj producing a mixture from the formation from a plurality of production wells, 

j|* wherein the plurality of production wells are positioned within the pattern, and wherein a 

*H spacing between production wells is greater than abouKl 2 m. 

O \ 

f ic a \ 

20 2742. 'The method of claim 2741, wherein superposition orsheat from the plurality of 
heat sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2743. The method of claim 274 1 , further comprising maintaining a tenaperature within 
25 the selected section within a pyrolysis temperature range. \ 

2744. The method of claim 2741, wherein the plurality of heat sources compri^s 
electrical heaters. \ 

30 2745. The method of claim 274 1 , wherein the plurality of heat sources comprises 
surface burners. 
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2746. The method of claim 274 1 , wherein the plurality of heat sources comprises 
\flameless distributed combustors. 

5 2747.\The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. 

2748. The method of claim 2741, further comprising controlling a pressure and a 
temperature within aneast a majority of the selected section of the formation, wherein 
n 10 the pressure is controllers a function of temperature, or the temperature is controlled as 

a function of pressure. \ 

III \ 
41 \ 

!*5 2749. The method of claim 2741;vfurther comprising controlling the heat such that an 

i u \ 

tQ average heating rate of the selected section is less than about 1 °C per day during 

J" 15 pyrolysis. \ 

O f\A 

ilj 2750. The method of claim 274 1 , wherein providing heat from the plurality of heat 

;|: comprises: \ 

f»fe heating a selected volume (V) of the coal formation from the plurality of heat 

20 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is\qual to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
25 wherein Pwr is the heating energy/day, h is an average heatingsrate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

2751. The method of claim 274 1 , wherein allowing the heat to transfer comprisb^ 
30 transferring heat substantially by conduction. \ 
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1152. The method of claim 2741, wherein providing heat comprises heating the selected 
fomiation such that a thermal conductivity of at least a portion of the selected section is 
greabsx than about 0.5 W/(m °C). 

5 2753. Thesmethod of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons\aving an API gravity of at least about 25°. 
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2754. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherdn about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2755. The method of claim 274 IV wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from\bout 0.001 to about 0.15. 

2756. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % tw weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen) 



20 2757. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight^hen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method of claim 2741, wherein the produced mixture "bomprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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2759. The method of claim 2741 , wherein the produced mixture comprises compensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2760. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2761. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, ancTwherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2762. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

2763. The method of claim 2741, whereinsthe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. ATA 

2764. The method of claim 2741, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volumesof the non-condensable 
component, and wherein the hydrogen is less than about 80 Vohy volume of the non- 
condensable component. \ 

2765. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture's ammonia. 

2766. The method of claim 2741 , wherein the produced mixture comprises amhumia, 
and wherein the ammonia is used to produce fertilizer. \ 
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2767. The method of claim 2741, further comprising controlling a pressure within at 
feast a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2768. The method of claim 2741 , further comprising controlling formation conditions to 
produce the niixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 

2769. The method orclaim 2768, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2770. The method of claim 2741 , further comprising altering a pressure within the 
formation to inhibit production of Hydrocarbons from the formation having carbon 
numbers greater than about 25. v~ 

2771. The method of claim 2741, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from thesmixture into the formation. 

2772. The method of claim 2741 , further comprising: 

providing hydrogen (H2) to the selected section to hydrogenate hydrocarbons 
within the selected section; and \ 

heating a portion of the selected section with heat from hydrogenation. 

2773. The method of claim 2741 , further comprising: \ 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

2774. The method of claim 2741, wherein allowing the heat to transfer comprises^ 
increasing a permeability of a majority of the selected section to greater than about 100, 
millidarcy. 
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2775. The method of claim 2741, wherein allowing the heat to transfer comprises 
\substantially uniformly increasing a permeability of a majority of the selected section. 

5 2776\ The method of claim 2741, further comprising controlling the heat to yield greater 
than abouK60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2777. The method of claim 2741, wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

10 \ 

2778. The method of claims2741, further comprising providing heat from three or more 
heat sources to at least a portioh of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattenk 

15 Xy\ 

2779. The method of claim 274 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereirv a plurality of the units are repeated 

20 over an- area of the formation to form a repetitive pattern of units. 

2780. A system configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use\ 
25 an oxidizing fluid source; \ 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the K>nnation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; anck 
30 wherein the system is configured to allow heat to transfer substantially by\ 

conduction from the reaction zone to a pyrolysis zone of the formation during use. \ 



612 



Conley, Rose & Tayon, P C. 



\2781 . The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone\ubstantially by diffusion. 

2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2785. The system of claim 2780, wherein tnkconduit is further configured to remove an 
oxidation product. V 

2786. The system of claim 2780, wherein the conduitSis further configured to remove an 
oxidation product such that the oxidation product transfers substantial heat to the 
oxidizing fluid. \ 

2787. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in thXconduit is 
approximately equal to a flow rate of the oxidation product in the conduiK 

2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and k 
pressure of the oxidation product in the conduit are controlled to reduce contamination^ 
the oxidation product by the oxidizing fluid. 
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2789. The system of claim 2780, wherein the conduit is further configured to remove an 
nidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the ceirter conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. \ 

2792. The system of claim 2780, wherein the portion of the formation extends radially 
from the opening a width of less than approkimately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed witmn the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. \ 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured tV heat at least a 
portion of the formation during application of an electrical current to ite insulated 
conductor. \ 

2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is conjured 
to heat at least a portion of the formation during application of an electrical current toxhe 
at least the one elongated member. ^ 
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N 2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to tnfesformation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein t^e conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
5 portion of the formation during use. 

2797. The system ofclaim 2780, further comprising an overburden casing coupled to 
the opening, wherein the\yerburden casing is disposed in an overburden of the 
formation. \ 

10 \ 

2798. The system of claim 2780, rurther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

1 5 2799. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780, further comprising an overburden casing coupled to 
20 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. * \ 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overbidden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. \ 

2802. The system of claim 2780, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the \ 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
aiukthe opening, and wherein the packing material comprises cement. 

2803. Tn& system of claim 2780, wherein the system is further configured such that 
5 transferred he^t can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



ill 



ill 

m 
'?= 

ti 

ill 



2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurate to provide heat to at least a portion of the formation during 
10 use; 

a conduit configurable toNse disposed in the opening, wherein the conduit is 
configurable to provide an oxidizink fluid from an oxidizing fluid source to a reaction 
zone in the formation during use, and Vherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
15 that heat is generated at the reaction zone; ahd 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis-zone of the formation during use. 



i — 



2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
20 heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



25 



2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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v2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidatrsm. 

2809. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product. 

2810. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, sucnslhat the oxidation product transfers heat to the oxidizing fluid. 

281 1 . The system of claim 280*L wherein the conduit is further configurable to remove 
an oxidation product, and wherein \flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of tt^e oxidation product in the conduit. 

2812. The system of claim 2804, wherein t^e conduit is further configurable to remove 
an oxidation product, and wherein a pressure oi the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. M 

2813. * The system of claim 2804, wherein the conduit issfurther configurable to remove 
an oxidation product, and wherein the oxidation product is Substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone\ 

28 1 5. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an\ 
oxidation product during use. 
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^^2816. The system of claim 2804, wherein the portion of the formation extends radially 
frohi the opening a width of less than approximately 0.2 m. 

2817. The system of claim 2804, further comprising a conductor disposed in a second 
5 conduit, whereinsthe second conduit is disposed within the opening, and wherein the 

conductor is configurable to heat at least a portion of the formation during application of 
an electrical current toihe conductor. 

2818. The system of claim z8£)4, further comprising an insulated conductor disposed 
. Ba 10 within the opening, wherein the ihsulated conductor is configurable to heat at least a 

■f J portion of the formation during application of an electrical current to the insulated 

W \ 

*£« conductor. \ 

jjj 281 9. The system of claim 2804, further comprising at least one elongated member 

15 disposed within the opening, wherein the at least the one elongated member is 

0 configurable to heat at least a portion of the formation during application of an electrical 

«f- \ 

m current to the at least the one elongated member. \ 

4 3 \ 

y, 2820. The system of claim 2804, further comprising a heat exchanger disposed external 

20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heateel oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. \ 

25 282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden orthe 
formation. \ 

2822. The system of claim 2804, further comprising an overburden casing coupled\p 
30 the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation, and wherein the overburden casing comprises steel. 
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2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening,\yherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2825. The system ofclaim 2804, further comprising an overburden casing coupled to 
the opening, wherein th^overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casinje is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing matei^cpmprises cement. 

2827. The system of claim 2804, wherein the system Is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons ni the pyrolysis zone. 

2828. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing\fluid; 

providing the oxidizing fluid to a reaction zone in the formation\ 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and \ 

transferring the generated heat substantially by conduction from the reactkm zone 
to a pyrolysis zone in the formation. \ 
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329. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

5 2830. The method of claim 2828. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



HI 
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283 1 . The method of cWn 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifib^s of a conduit disposed in the opening such that a rate of 

10 oxidation is controlled. 

2832. The method of claim 2828, fuhher comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially const&jitQver time within the reaction zone. 

15 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with ttie oxidizing fluid to reduce heating 
of the conduit by oxidation. 

20 2834. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from\the formation through 
the conduit. 



2835. The method of claim 2828, wherein a conduit is disposed withiiMie opening, the 
25 method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to\xidizing 
fluid in the conduit. 



2836. The method of claim 2828, wherein a conduit is disposed within the opening, tP 
30 method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
^qual to a flow rate of the oxidation product in the conduit. 

2837. \he method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit anKcontrolling a pressure between the oxidizing fluid and the oxidation 
product in the coi^it to reduce contamination of the oxidation product by the oxidizing 
fluid. 
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10 2838. The method of claim\2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction\pne. 

15 2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
20 comprising providing the oxidizing fluid into the openikg through the center conduit and 
removing an oxidation product through the outer conduitN 
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2841 . The method of claim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2842. The method of claim 2828, wherein heating the portion compiles applying 
electrical current to a conductor disposed in a conduit, wherein the conduh^is disposed 
within the opening. 



30 2843. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 
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^2844. The method of claim 2828, wherein heating the portion comprises applying 
elefcirical current to at least one elongated member disposed within the opening. 

2845. Thetoethod of claim 2828. wherein heating the portion comprises heating the 
oxidizing fluid tn a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid mto the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. \ 

2846. The method of claim 2825, further comprising removing water from the formation 
prior to heating the portion. \ 

2847. The method of claim 2828, fiirthercomprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

2849. " The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

2850. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden orsthe 
formation, and wherein the overburden casing is further disposed in cement. \ 

285 1 . The method of claim 2828, further comprising coupling an overburden casingsto 
the opening, wherein a packing material is disposed at a junction of the overburden \ 
casing and the opening. 
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2852. The method of claim 2828 ? wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

2853. 3^ system configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide hearto at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and \ 

wherein the system is configureckto allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluM is transported through the reaction 
zone substantially by diffusion. \ 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into me opening. 

2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow\>f the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. \ 

2857. The system of claim 2853, wherein the conduit is further configured toN^e cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidatrem. 
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>858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. This system of claim 2853, wherein a flow rate of the oxidizing fluid in the 

5 conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2860. The system \f claim 2853, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

10 

2861 . The system of claim 2^53, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2862. The system of claim 2853, wherein the oxidizing fluid is substantially inhibited 
15 from flowing into portions of the formation beyond the reaction zone. 

2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

20 

2864. The system of claim 2853, wherein the portion ofthe formation extends radially 
from the opening a width of less than approximately 0.2 m\ 

2865. The system of claim 2853, further comprising a conductor disposed in a second 
25 conduit, wherein the second conduit is disposed within the opening>^nd wherein the 

conductor is configured to heat at least a portion of the formation durihg application of an 
electrical current to the conductor. 



2866. The system of claim 2853, further comprising an insulated conductor deposed 
30 within the opening, wherein the insulated conductor is configured to heat at least 
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portion of the formation during application of an electrical current to the insulated 
actor. 

2867. Thessystem of claim 2853, further comprising at least one elongated member 
disposed withna the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 
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2868. The system of clarm 2853, further comprising a heat exchanger disposed external 
10 to the formation, wherein thVheat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

15 2869. The system of claim 2853, furtheXcomprising an overburden casing coupled to 
the opening, wherein the overburden casing^s disposed in an overburden of the 
formation. 

2870. The system of claim 2853, further comprisiV an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprisesssteel. 



25 



2871 . The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



2872. The system of claim 2853, further comprising an overburden casing\oupled to 
the opening, wherein a packing material is disposed at a junction of the overbuns 
casing and the opening. 
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Z873. The system of claim 2853, further comprising an overburden casing coupled to 
the owning, wherein the overburden casing is disposed in an overburden of the 
formatiorkwherein a packing material is disposed at a junction of the overburden casing 
and the openhig, and wherein the packing material is configured to substantially inhibit a 
flow of fluid benveen the opening and the overburden casing during use. 



10 



2874. The system of crmm 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing n^aterial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2875. The system of claim 2853, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

15 2876. A system configurable to heat a coal formation, compnsing: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at leasr^jDortion of the formation during 
use; 

a conduit configurable to be disposed in the opening^wherein the conduit is 
20 further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 

reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction *pne during use such 
that heat is generated at the reaction zone, and wherein the conduit is fib^her configurable 
to remove an oxidation product from the formation during use; and 
25 wherein the system is further configurable to allow heat to transfer sii^stantially 

by conduction from the reaction zone to a pyrolysis zone during use. 
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2877. The system of claim 2876, wherein the oxidizing fluid is configurable to general 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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,2878. The system of claim 2876. wherein the conduit comprises orifices, and wherein 
tnfc orifices are configurable to provide the oxidizing fluid into the opening. 

2879. ilie system of claim 2876, wherein the conduit comprises critical flow orifices, 
and whereih the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such thara rate of oxidation in the formation is controlled. 
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2880. The system oisclaim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 

10 oxidation. 

288 1 . The system of claim 287tk wherein the conduit is further configurable such that 
the oxidation product transfers hearto the oxidizing fluid. 

15 2882. The system of claim 2876, whereita a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow ratkof the oxidation product in the conduit. 
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2883. The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

25 2885. The system of claim 2876, wherein the oxidizing fluid is sub$tantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid Ti^to the 
opening during use. 
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2887. The system of claim 2876, wherein the portion of the formation extends radially 
^m the opening a width of less than approximately 0.2 m. 

2888. Tnfessystem of claim 2876, further comprising a conductor disposed in a second 
5 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configm-able to heat at least a portion of the formation during application of 
an electrical current toNhe conductor. 

2889. The system of claim 2876, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

J j portion of the formation during application of an electrical current to the insulated 

W conductor. 



2890. The system of claim 2876, further comprising at least one elongated member 
15 disposed within the opening, wherein the at le&st the one elongated member is 

configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2891 . The system of claim 2876, further comprising a\eat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use. and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

25 2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden^" the 
formation. 

2893. The system of claim 2876, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2894. The system of claim 2876, further comprising an overburden casing coupled to 
She opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. Thessystem of claim 2876, further comprising an overburden casing coupled to 
the opening, wi^erein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2896. The system of claim 2876. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material\omprises cement. 

2898. The system of claim 2876, wherein the system is^ftirther configurable such that 
transferred heat can pyrolyze at least some hydrocarbons iiWhe pyrolysis zone. 

2899. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing flurtL wherein the 
portion is located substantially adjacent to an opening in the formation; \ 

providing the oxidizing fluid to a reaction zone in the formation; \ 
allowing the oxidizing gas to react with at least a portion of the hydrocarbcms at 
the reaction zone to generate heat in the reaction zone; \ 

removing at least a portion of an oxidation product through the opening; and ^ 
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transferring the generated heat substantially by conduction from the reaction zone 
to a^>yrolysis zone in the formation. 

2900. Thesmethod of claim 2899, further comprising transporting the oxidizing fluid 
5 through the reaction zone by diffusion. 

2901 . The method\>f claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into thesppening through orifices of a conduit disposed in the opening. 
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10 2902. The method of clainr£899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices\f a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
15 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially maintained within the reaction zone. 

2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit witnN^he oxidizing fluid such that the 

20 conduit is not substantially heated by oxidation. 



25 
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2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

2906. The method of claim 2899, wherein a conduit is disposed withinthe opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the ccWluit, the 
method further comprising transferring substantial heat from the oxidation product^n the 
conduit to the oxidizing fluid in the conduit. 
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2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
herein removing at least the portion of the oxidation product through the opening 

composes removing at least the portion of the oxidation product through the conduit, and 
wherein a^flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 
5 rate of the oxklation product in the conduit. 

2908. The method ofxlaim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at leastahe portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 

10 method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid, 

2909. The method of claim 2899, wherein sisconduit is disposed within the opening, and 
15 wherein removing at least the portion of the oxidation product through the opening 

comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone\ 

20 2910. The method of claim 2899, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



25 



291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening,\he method further 
comprising providing the oxidizing fluid into the opening through the cento conduit and 
removing at least a portion of the oxidation product through the outer conduit. 



2912. The method of claim 2899, wherein the portion of the formation extends racially 
from the opening a width of less than approximately 0.2 m. 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 

2914. lite method of claim 2899, wherein heating the portion comprises applying 
electrical curtent to an insulated conductor disposed within the opening. 

29 1 5. The methockrf claim 2899, wherein heating the portion comprises applying 
electrical current to atieast one elongated member disposed within the opening. 

291 6. The method of claim\2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. \rN 

29 1 7. The method of claim 2899, further^comprising removing water from the formation 
prior to heating the portion. \ 

291 8. The method of claim 2899, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxidek of nitrogen during oxidation. 

2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an hverburden of the 
formation. \ 

2920. The method of claim 2899, further comprising coupling an oveW-den casing to 
the opening, wherein the overburden casing is disposed in an overburden of^the 
formation, and wherein the overburden casing comprises steel. \ 
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1921. The method of claim 2899 ? further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2922. The method of claim 2899. further comprising coupling an overburden casing to 
the opening, wherehi a packing material is disposed at a junction of the overburden 
casing and the opening^ 
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2923. The method of claim x£99, wherein the pyrolysis zone is substantially adjacent to 
10 the reaction. 

2924. A system configured to heat a coal formation, comprising: 
an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to provide heat to at lea!^ a portion of the formation during use; 

15 an oxidizing fluid source; 

a conduit disposed in the opening, wherefti the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated aMie reaction zone; and 

20 wherein the system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 



25 



2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926. The system of claim 2924, wherein the conduit comprises orifices, and where 
the orifices are configured to provide the oxidizing fluid into the opening. 



633 Conley, Rose & Tayon, P C / 

/ 



* # 

^27. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and Vherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid sudi that a rate of oxidation in the formation is controlled. 

2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2929. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product. \ 

2930. The system of claim 292*L wherein the conduit is further configured to remove an 
oxidation product, such that the oxfdation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate W the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2932. The system of claim 2924, wherein the conauit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. \ 

2933. The system of claim 2924, wherein the conduit is fiirthertonfigured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. \ 

2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. \ 

2935. The system of claim 2924, further comprising a center conduit disposed withik 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into ^ 



634 



Conley, Rose & Tayon, P C. 



111 



* 



the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

2936. The system of claim 2924, wherein the portion of the formation extends radially 
5 from the opening a width of less than approximately 0.2 m. 

2937. The system ofolaim 2924, further comprising an overburden casing coupled to 
the opening, wherein thes^verburden casing is disposed in an overburden of the 
formation. 

10 

[f( 2938. The system of claim 2924, x &rther comprising an overburden casing coupled to 

"is 5 \ 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

in 
m 

1 5 2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2940. The system of claim 2924, further comprising an overburden casing coupled to 
20 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden $f the 

25 formation, wherein a packing material is disposed at a junction of the overbukden casing 
and the opening, and wherein the packing material is configured to substantially^qihibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
anb\the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
5 transferred he^t can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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2944. A system configurable to heat a coal formation, comprising: 

an electric heatehconfigurable to be disposed in an opening in the formation, 
wherein the electric heater rs further configurable to provide heat to at least a portion of 
10 the formation during use ? and ^herein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable to Be Hisposed in the opening, wherein the conduit is 
further configurable to provide an oxidtzing fluid from an oxidizing fluid source to a 
reaction zone in the formation during useNand wherein the system is configurable to 
15 allow the oxidizing fluid to oxidize at least scime hydrocarbons at the reaction zone 
during use such that heat is generated at the rea&tion zone; and 

wherein the system is further configurable, to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis\one of the formation during use. 



20 2945. The system of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide the oxidizing fluid into the opening. 



30 



2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidising 
fluid such that a rate of oxidation in the formation is controlled. 
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2948. The system of claim 2944. wherein the conduit is further configurable to be 
c&oled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 

2949. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation piWluct. 

2950. The system oXcIaim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate <s»f the oxidation product in the conduit. 

2952. The system of claim 2944. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. \r> 

2953. " The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product [^substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2954. The system of claim 2944. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone.\ 

2955. The system of claim 2944, further comprising a center conduit dispose&within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid mto the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
frofti the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening\wherein the overburden casing is disposed in an overburden of the 
formation. \ 

2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein tn& overburden casing is disposed in an overburden of the 
formation, and wherein the\overburden casing comprises steel. 

2959. The system of claim 294\ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdeh casing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2961 . The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed irkan overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overbidden casing 
and the opening, and wherein the packing material comprises cement. \ 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to heat a coal formation, comprising: 

a conductor disposed in a first conduit, wherein the first conduit is disposed in an 
opening in the foiWtion, and wherein the conductor is configured to provide heat to at 
least a portion of the rsmriation during use; 

an oxidizing fluictaource; 

a second conduit disposed in the opening, wherein the second conduit is 
configured to provide an oxidizhig fluid from the oxidizing fluid source to a reaction 
zone in the formation during use, ahd wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone during use such that heat is generated at the 
reaction zone; and \ 

wherein the system is configured toVllow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2965. The system of claim 2964, wherein the oxidmng fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid i\ transported through the reaction 
zone substantially by diffusion. ( X \ 

2966. The system of claim 2964, wherein the second conduit\omprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluicNnto the opening. 

2967. The system of claim 2964, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a^flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. \ 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidationX 
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2969. The system of claim 2964, wherein the second conduit is further configured to 
removfesan oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
i remove an oxidatihp product such that the oxidation product transfers heat to the 

oxidizing fluid. 

2971. The system of claim\964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 

) is approximately equal to a flow rate of the oxidation product in the second conduit. 

2972. The system of claim 2964, wherein the second conduit is further configured to 
4 a \ 

remove an oxidation product, and wherein si pressure of the oxidizing fluid in the second 

11 j \ 

p\ conduit and a pressure of the oxidation product in the second conduit are controlled to 

4* 1 5 reduce contamination of the oxidation product oYlhe oxidizing fluid. 

13 ( W 

;f ; 2973. The system of claim 2964, wherein the second conduit is further configured to 

i y \ 

a |J remove an oxidation product, and wherein the oxidationyproduct is substantially inhibited 

v\ \ 

from flowing into portions of the formation beyond the reaction zone. 

20 

2974. The system of claim 2964, wherein the oxidizing fluid ts substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2975. The system of claim 2964, further comprising a center conduit disposed within 
25 the second conduit wherein the center conduit is configured to provide\he oxidizing 

fluid into the opening during use, and wherein the second conduit is furthe^configured to 
remove an oxidation product during use. 

2976. The system of claim 2964, wherein the portion of the formation extends rac^lly 
30 from the opening a width of less than approximately 0.'2 m. 
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v 2977. The system of claim 2964, further comprising an overburden casing coupled to 



the^pening, wherein the overburden casing is disposed in an overburden of the 



2978. The systerhspf claim 2964, further comprising an overburden casing coupled to 
the opening, wherein n^e overburden casing is disposed in an overburden of the 
formation, and wherein tnfesoverburden casing comprises steel. 

2979. The system of claim 2964^forther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. t\ k 

298 1 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in ata overburden of the 
formation, wherein a packing material is disposed at a junctiori of the overburden casing 
and the opening, and wherein the packing material is configure<ko substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden o£ the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. \ 

2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2984. A system configurable to heat a coal formation, comprising: 
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a conductor configurable to be disposed in a first conduit, wherein the first 
c&nduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a portion of the formation 
during useK 

a secon& s conduit configurable to be disposed in the opening, wherein the second 
conduit is further ccmfigurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the\)xidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use suck that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2985. The system of claim 2984, whereinsthe oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizmg fluid is transported through the reaction 
zone substantially by diffusion. /\ A 

2986. The system of claim 2984, wherein the secondVmduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizmg fluid into the opening. 

2987. - The system of claim 2984, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

2988. The system of claim 2984, wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system of claim 2984, wherein the second conduit is further configurableao 
remove an oxidation product. \ 
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2990. The system of claim 2984, wherein the second conduit is further configurable to 
remote an oxidation product such that the oxidation product transfers heat to the 
oxidizing Nuid. 

2991 . The systehi of claim 2984, wherein the second conduit is further configurable to 
remove an oxidatioivproduct, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2992. The system of claim 2S&4, wherein the second conduit is further configurable to 
remove an oxidation product, ana, wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. The system of claim 2984, further comprising a centerseonduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. \ 

2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. \ 

2997. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation. \ 



643 



Conley, Rose & Tayon, P C. 



2998^ The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, ahd wherein the overburden casing comprises steel. 

2999. The system exclaim 2984, further comprising an overburden casing coupled to 
the opening, wherein the^overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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10 3000. The system of claim 2984, ftuther comprising an overburden casing coupled to 
the opening, wherein a packing materials disposed at a junction of the overburden 
casing and the opening. 

3001. The system of claim 2984, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at Vjunction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

20 3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of tne overburden casing 
and the opening, and wherein the packing material comprises cement/ 



25 3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zor 
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3004. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support read^pn 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit > 
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to provide heat to the portion, and wherein the first conduit is disposed within the 
^opening; 

providing the oxidizing fluid to a reaction zone in the formation; 
illowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reactioh zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



HI 



3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
10 through the reaction zone bVdifiusion. 

3006. The method of claim 3004^ftirther comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. 



15 



3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. 



20 3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time witfriii the reaction zone. 

3009. The method of claim 3004, wherein a second conduit is disused in the opening, 
25 the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 
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3010. The method of claim 3004, wherein a second conduit is disposed within trfc 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit. 
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301 1 . The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formatiorHhrough the second conduit and transferring heat from the oxidation product in 
the conduit toMhe oxidizing fluid in the second conduit. 

3012. The method ofclaim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximated equal to a flow rate of the oxidation product in the 
second conduit. \ 

3013. The method of claim 3004, whetein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. /T^ 

3014. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting \he oxidation product from 
flowing into portions of the formation beyond the reaction zone. 

3015. The method of claim 3004, further comprising substantiallyanhibiting the 
oxidizing fluid from flowing into portions of the formation beyond thb^reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed witfthi an outer 
conduit, and wherein the outer conduit is disposed within the opening, the metnod further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. \ 
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3tH7. The method of claim 3004, wherein the portion of the formation extends radially 
^om wje opening a width of less than approximately 0.2 m. 

3018. The\nethod of claim 3004, further comprising removing water from the formation 
5 prior to heatingsthe portion. 



3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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10 3020. The method of claim 3*Q04, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3021 . The method of claim 3004, furtnercomprising coupling an overburden casing to 
1 5 the opening, wherein the overburden casing rs disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

3022. The method of claim 3004, further comprisink coupling an overburden casing to 
the opening, wherein the overburden casing is disposed\n an overburden of the 

20 formation, and wherein the overburden casing is further disposed in cement. 
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3023. The method of claim 3004, further comprising couplingvan overburden casing to 
the opening, wherein a packing material is disposed at a junction c*f the overburden 
casing and the opening. 

3024. A system configured to heat a coal formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use; 

an oxidizing fluid source; 
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a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxMking fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, anckwherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction^ne during use such that heat is generated at the reaction zone; and 

wherein^he system is configured to allow heat to transfer substantially by 
conduction from thXreaction zone to a pyrolysis zone of the formation during use. 
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3025. The system of claini3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such rthat the oxidizing fluid is transported through the reaction 

10 zone substantially by diffusion. 

3026. The system of claim 3024, whetein the conduit comprises orifices, and wherein 
the orifices are configured to provide theWidizing fluid into the opening. 

15 3027. The system of claim 3024, wherein the sxmduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is^controlled. 

3028. The system of claim 3024, wherein the conduit is Configured to be cooled with the 
20 oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3029. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product. 

25 3030. The system of claim 3024, wherein the conduit is further configurecko remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



303 1 . The system of claim 3024, wherein the conduit is further configured to remove ; 
30 oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxia&tion product by the oxidizing fluid. 

3033. The systeirKof claim 3024, wherein the conduit is further configured to remove an 
oxidation product. ana\wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 30Z*L wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3035. The system of claim 3024, furtherscomprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. f\h 

3036. The system of claim 3024, wherein the portionVf the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3037. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3038. The system of claim 3024, further comprising an overburden casink coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 
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i039. The system of claim 3024. further comprising an overburden casing coupled to 
the\pening, wherein the overburden casing is disposed in an overburden of the 
formatibn. and wherein the overburden casing is further disposed in cement. 

5 3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening 

3041 . The system of claim further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing matenal is disposed at a junction of the overburden casing 
and the opening, and wherein the packW material is configured to substantially inhibit a 
j«* flow of fluid between the opening and the\verburden casing during use. 

m 

4* 15 3042. The system of claim 3024, further composing an overburden casing coupled to 
p the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed ara junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

20 3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in theWrolysis zone. 

3044. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an openinkin the formation, 
25 wherein the insulated conductor is further configurable to provide heat to a^least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduif^ 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to ; 
reaction zone in the formation during use, and wherein the system is configurable to 
30 allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 
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wherein the system is former configurable to allow heat to transfer substantially 
induction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. ThWstem of claim 3044, wherein the oxidizing fluid is configurable to generate 
5 heat in thelLion zone such that the oxidizing fluid is transported through the reaction 

zone substantialW by diffusion. 

3046. The system ot\laim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



10 



15 



3047. The system of claim W wherein the conduit comprises critical flow orifices, 
and wherein the critical flow oririces are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation iVhe formation is controlled. 

3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that th\conduit is not substantially heated by 

oxidation. 

3049. The system of claim 3044, wherein the conduit is further configurable to remove 

20 an oxidation product. 

3050. The system of claim 3044, wherein the conduit is fW configurable to remove 
an oxidation product, such that the oxidation product transferW to the oxidizing fluid. 



25 



3051. The system of claim 3044, wherein the conduit is further co\figurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in\he conduit is 
approximately equal to a flow rate of the oxidation product in the conduit\ 

3052. The system of claim 3044, wherein the conduit is further configurable to\mov, 
30 an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit anc 
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pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation produc\and wherein the oxidation product is substantially inhibited from 
flowing into portions orthe formation beyond the reaction zone. 

3054. The svstem of claim 3844, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of theNformation beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduiris further configurable to remove an 
oxidation product during use. AT\ 

3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an\>verburden of the 
formation. \ 

3058. The system of claim 3044, further comprising an overburdemcasing coupled to 
the opening, wherein the overburden casing is disposed in an overburo&n of the 
formation, and wherein the overburden casing comprises steel. \ 

3059. The system of claim 3044, further comprising an overburden casing copied to 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation, and wherein the overburden casing is further disposed in cement. \ 
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(3060. The system of claim 3044, further comprising an overburden casing coupled to 
theboening, wherein a packing material is disposed at a junction of the overburden 
casing ahd the opening. 

3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, whereita the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whefcein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3062. The system of claim 3044/ s ftirther comprising an overburden casing coupled to 
the opening, wherein the overburden\asing is disposed in an overburden of the 
formation, wherein a packing material lV disposed at a junction of the overburden casing 
and the opening, and wherein the packingViaterial comprises cement. 

3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a coal formationNcomprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with ark oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion or\the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and \ 

transferring the generated heat substantially by conduction from t^e reaction zone 
to a pyrolysis zone in the formation. \ 

3065. The method of claim 3064, further comprising transporting the oxidizing xluid 
through the reaction zone by diffusion. \ 
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3066\The method of claim 3064, further comprising directing at least a portion of the 
oxidizin^fluid into the opening through orifices of a conduit disposed in the opening. 

3067. The metmsd of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow* orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlledX 

3068. The method of claim\5064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. . 

3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidatiori product from the formation through 
the conduit. \ 

3071 . The method of claim 3064, wherein a conduit isMisposed within the opening, the 
method further comprising removing an oxidation producrsfrom the formation through 
the conduit and transferring heat from the oxidation production the conduit to the 
oxidizing fluid in the conduit. \ 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. \ 
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3073\ The method of claim 3064, wherein a conduit is disposed within the opening, the 
methodsfurther comprising removing an oxidation product from the formation through 
the conduk and controlling a pressure between the oxidizing fluid and the oxidation 
product in tHe conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. \ 

3074. The methocNof claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the^reaction zone. 

3075. The method of claim 30o4, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The method of claim 3064, \\^rein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer\onduit. 

3077. The method of claim 3064, wherein the portiomof the formation extends radially 
from the opening a width of less than approximately 0.2 rk 

3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. \ 

3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3080. The method of claim 3064, further comprising coupling an overburden easing to 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation. \ 
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308\ The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formationWd wherein the overburden casing comprises steel. 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3083. The method of claim\3064, further comprising coupling an overburden casing to 
the opening, wherein a packingvmaterial is disposed at a junction of the overburden 
casing and the opening. \ 

3084. The method of claim 3064, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. V\ 

3085. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in\he formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and \ 

transferring the generated heat substantially by conduction from thkreaction zone 
to a pyrolysis zone in the formation. \ 

3086. The method of claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. \ 
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3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid vsdth the critical flow orifices such that a rate of oxidation is controlled. 

3088. The\nethod of claim 3085, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxicfcation is substantially constant over time within the reaction zone. 

3089. The method of\laim 3085, further comprising cooling the conduit with the 
oxidizing fluid to reducei^eating of the conduit by oxidation. 

3090. The method of claim 3u85, further comprising removing an oxidation product 
from the formation through the conduit. 

3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit anH transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

3092. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit, wherein a flaw rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxicfcation product in the conduit. 

3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluid. \ 

3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxiaation product 
from flowing into portions of the formation beyond the reaction zone. \ 
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3095. The method of claim 3085 ; further comprising substantially inhibiting the 
oxidiztag fluid from flowing into portions of the formation beyond the reaction zone. 

3096. TheNnethod of claim 3085, wherein a center conduit is disposed within the 
conduit, the nttethod further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing an oxidation product through the conduit. 

3097. The method oiRclaim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim\085, further comprising removing water from the formation 
prior to heating the portion. \ 

3099. The method of claim 3085, rorther comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3 100. The method of claim 3085, further exposing coupling an overburden casing to 
the opening, wherein the overburden casing is oisposed in an overburden of the 
formation. \ 

3101. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel 

3 102. The method of claim 3085, further comprising coupling ampverburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cedent. 

3 103.. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

658 Conley, Rose & Tayon. P C. 



310^ The method of claim 3085, wherein the pyrolysis zone is substantially adjacent to 
the reabtion zone. 

3 105. A systbrn configured to heat a coal formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; \ 

an oxidizing fluid source; 

a conduit disposed in\he opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizirvg fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluicL is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such tharheat is generated at the reaction zone; and 

wherein the system is configurechx) allow heat to transfer substantially by 
conduction from the reaction zone to a pyrofysis zone of the formation during use. 

3 106. The system of claim 3 105, wherein the oxiehzing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluidNs transported through the reaction 
zone substantially by diffusion. \ 

3 1 07. The system of claim 3105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into theVpening. 

3108. The system of claim 3105, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. \ 

3109. The system of claim 3105, wherein the conduit is further configured to bet cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3^10. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, anowherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to aNlow rate of the oxidation product in the conduit. 

3113. The system of claim 3 bQ5, wherein the conduit is further configured to remove an 
oxidation product, and wherein aWessure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in\he conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing rhiid. 

3114. The system of claim 3 1 05, wherein tne conduit is further configured to remove an 
oxidation product, and wherein the oxidation prbduct is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

31 15. The system of claim 3105, wherein the oxidizingvfluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3116. The system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide tke oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. \ 

3117. The system of claim 3 105, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. \ 
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S3 1 1 8. The system of claim 3 105, further comprising an overburden casing coupled to 
theopening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3119. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 120. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. V— 

3 1 22. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at^a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3123. The system of claim 3105, further comprising an overbWden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of tne overburden casing 
and the opening, and wherein the packing material comprises cement.X 

3 124. The system of claim 3 105, wherein the system is further configuredNsuch that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zonk 

3125. A system configurable to heat a coal formation, comprising: \ 

661 Conley, Rose & Tayon. pX 



10 



at least one elongated member configurable to be disposed in an opening in the 
formatioh^wherein at least the one elongated member is further configurable to provide 
heat to at leastsa portion of the formation during use; 

a conduit\pnfigurable to be disposed in the opening, wherein the conduit is 
further configurableXo provide an oxidizing fluid from the oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid th oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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3 126. The system of claim 3 1 25, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing^uid into the opening. 



11 



3 128. The system of claim 3 125, wherein the conduit comprises critical flow orifices, 
20 and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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3 129. The system of claim 3 125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially \eated by 
oxidation. 



3130. The system of claim 3 125, wherein the conduit is further configurable t\ remove 
an oxidation product. 

30 3131. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluic 
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3^\The system of claim 3125, wherein the conduit is further configurable to remove 
an oxid*L product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approxima^eWqual to a flow rate of the oxidation product in the conduit. 

3133 The systemVclaim 3125. wherein the conduit is further configurable to remove 
an oxidation produced wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation \xluct in the conduit are controlled to reduce contaminate ot 
the oxidation product by theVidizing fluid. 

3134 The system of claim 3 ^herein the conduit is further configurable to remove 
an oxidation product, and wherein th\>xi dation product is substantially inhibited from 
flowing into portions of the formation bVond the reaction zone. 

3135. The system of claim 3125, whereh^xidizing fluid is substantially inhibited 
from flowing into portions of the formation bey\d the reaction zone. 

3136 The svstem of claim 3125, further comprising center conduit disposed within 
the conduit, wherein center conduit is configurable to pVide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. \ 

3137. The svstem of claim 3125, wherein the portion of the fonWion extends radially 
from the opening a width of less than approximately 0.2 m. \ 

3138 The svstem of claim 3125, further comprising an overburden casW coupled to 
the opening, wherein the overburden casing is disposed in an overburden o\the 

formation. \ 
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ji39. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation^and wherein the overburden casing comprises steel. 

3 140. The system, of claim 3 125, further comprising an overburden casing coupled to 
the opening, whereiirthe overburden casing is disposed in an overburden of the 
formation, and wherein rhe overburden casing is further disposed in cement. 

3 141 . The system of claim 3 K25, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ * 

3 142. The system of claim 3 125, furtneKcohiprising an overburden casing coupled to 
the opening, wherein the overburden casingsis disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3143. The system of claim 3125, further comprising arkoverburden casing coupled to 
the opening, wherein the overburden casing is disposed iiran overburden of the 
formation, wherein a packing material is disposed at a junctibn of the overburden casing 
and the opening, and wherein the packing material comprises clement. 

3 144. The system of claim 3 125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 145. An in situ method for heating a coal formation, comprising: \ 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated membento 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

alloWing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zohe to generate heat at the reaction zone; and 

transferrinkthe generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone irrthe formation. 

3 146. The method of claims 145, further comprising transporting the oxidizing fluid 
through the reaction zone by cnffusion. 

3 147. The method of claim 3 145, farther comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. /x^ 

3 149. The method of claim 3 145, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time wirhin the reaction zone. 

3 1 50. The method of claim 3 145, wherein a conduit is disposed lk the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. \ 

3151. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. \ 
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3152\The method of claim 3145, wherein a conduit is disposed within the opening, the 
method mrther comprising removing an oxidation product from the formation through 
the conduit a$d transferring heat from the oxidation product in the conduit to the 
oxidizing fluid ni the conduit. 

3153. The method ofvclaim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flowVate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3 1 54. The method of claim 3 145\wherein a conduit is disposed within the opening, the 
method further comprising removin&an oxidation product from the formation through 
the conduit and controlling a pressure Wween the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. \, 

3155. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation \roduct from the formation through 
the conduit and substantially inhibiting the oxidation \roduct from flowing into portions 
of the formation beyond the reaction zone. \ 

3 1 56. The method of claim 3 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3 157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. \ 

3158. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. \ 
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3 159NyThe method of claim 3 145, further comprising removing water from the formation 
prior to noting the portion. 

5 3 1 60. The metnod of claim 3145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3161. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

10 formation. \ 

3 162. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casirig is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

15 r\l 

3 163. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

20 3 164. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3165. The method of claim 3145, wherein the pyrolysis zone is substantially adjacent to 
25 the reaction zone. \ 

3 1 66. A system configured to heat a coal formation, comprising: \ 

a heat exchanger disposed external to the formation, wherein the heat exchanger 
is configured to heat an oxidizing fluid during use; \ 
30 a conduit disposed in the opening, wherein the conduit is configured to provide 

the heated oxidizing fluid from the heat exchanger to at least a portion of the formation\ 
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"iiuring use. wherein the system is configured to allow heat to transfer from the heated 
oxiateing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation chmng use such that heat is generated at the reaction zone; and 

whereinsthe system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 167. The system of claim 3 166, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion^ 

3168. The system of claim 3166, wnerein the conduit comprises orifices, and wherein 
the orifices are configured to provide tn& oxidizing fluid into the opening. 

3 169. The system of claim 3 166, wherein tnk conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation ik controlled. 

3 1 70. The system of claim 3 1 66. wherein the conduit isNurther configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product. \ 

3 1 72. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

3173. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is \ 
approximately equal to a flow rate of the oxidation product in the conduit. \ 
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X74. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidationNproduct by the oxidizing fluid. 

3 1 75. The systerrrof claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, ana^wherein the oxidation product is substantially inhibited from 
flowing into portions of me formation beyond the reaction zone. 

3 176. The system of claim 3 h66, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of theNbrmation beyond the reaction zone. 

3 1 77. The system of claim 3 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conouit is further configured to remove an 
oxidation product during use. /^V 

3178. The system of claim 3 1 66, wherein the portiorv of the formation extends radially 
from the opening a width of less than approximately 0.z\m. 

3 1 79. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3 1 80. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3181. The system of claim 3 1 66, further comprising an overburden casing couplechto 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation, and wherein the overburden casing is further disposed in cement. \ 
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3 182. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

5 \ 

3183. The system\f claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereindhe packing material is configured to substantially inhibit a 

10 flow of fluid between the opening and the overburden casing during use. 

3184. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3185. A system configurable to heat a coal formation^comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

20 a conduit configurable to be disposed in the opening, wherein the conduit is 

further configurable to provide the heated oxidizing fluid from tn& heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the heated oxidizing fluid to at least the portion oMie formation 
during use, and wherein the system is further configurable to allow the oxidizing fluid to 

25 oxidize at least some hydrocarbons at a reaction zone in the formation durinkuse such 
that heat is generated at the reaction zone; and \ 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during usV 
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The system of claim 3 185, wherein the oxidizing fluid is configurable to generate 
heat rti the reaction zone such that the oxidizing fluid is transported through the reaction 
zone sub^antially by diffusion. 

3 1 87. The system of claim 3 1 85, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3188. The system of claimJ 1 85, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidationMn the formation is controlled. 

3 1 89. The system of claim 3185, whetein the conduit is further configurable to be* 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. r\T*i 

3 190. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product. \ 

3191. The system of claim 3185, wherein the conduit is Wther configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3 1 92. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluidin the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 1 93. The system of claim 3185, wherein the conduit is further configurate to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. \ 
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3ly4v The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into^ortions of the formation beyond the. reaction zone. 

3195. The systemsof claim 3185, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 196. The system of claiirk3 1 85, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and whereiriuhe second conduit is further configurable to remove an 
oxidation product during use. \ 

3197. The system of claim 3185, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 198. The system of claim 3 1 85, further conwising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3 199. The system of claim 3185, further comprising an o\erburden casing coupled to 
the opening, wherein the overburden casing is disposed in anWerburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3200. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden^ f the 
formation, and wherein the overburden casing is further disposed in cemenK 

320 1 . The system of claim 3 1 85, further comprising an overburden casing coupJed to 
the opening, wherein a packing material is disposed at a junction of the overburderi 
casing and the opening. \ 
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S5202. The system of claim 3 185, further comprising an overburden casing coupled to 
the^opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of flurd between the opening and the overburden casing during use. 

3203. The systernsflf claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein\he overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

NDC (HEA T EXCHANGER P^EHEA TING METHOD) 

3204. An in situ method for heatitag a coal formation, comprising: 

heating a portion of the formadon to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: ( \A 

heating the oxidizing fluid with a heaKexchanger, wherein the heat exchanger is 
disposed external to the formation; \ 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 
formation; and \ 

allowing heat to transfer from the heated oxidiziiig fluid to the portion of the 
formation: \ 

providing the oxidizing fluid to a reaction zone in th& formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and \ 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. \ 

3205. - The method of claim 3204, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. \ 
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^5206. The method of claim 3204, further comprising directing at least a portion of the 
oxidising fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
5 fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 

oxidation is controlled. 

3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 

10 that a rate of oxidation is substantially constant over time within the reaction zone. 

O 

J| 3209. The method of claim 3204, w^herein a conduit is disposed in the opening, the 

} f* method further comprising cooling the conduit with the oxidizing fluid to reduce heating 

M of the conduit by oxidation. 

ill 

m 15 

^ 3 3210. The method of claim 3204, wherein a co\duit is disposed within the opening, the 

13 \ 

Q method further comprising removing an oxidation {product from the formation through 

the conduit. 



s £== 



20 321 1. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in tl^e conduit to the 
oxidizing fluid in the conduit. 

25 32 1 2. The method of claim 3204, wherein a conduit is disposed within\he opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is appropriately 
equal to a flow rate of the oxidation product in the conduit. 

30 3213. The method of claim 3204, wherein a conduit is disposed within the opening,\he 
method further comprising removing an oxidation product from the formation through 
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nhe conduit and controlling a pressure between the oxidizing fluid and the oxidation 
proch^ct in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. \ 

5 3214. The metHpd of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

10 3215. The method of claim 3z<)4 ? further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3216. The method of claim 3204, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 

15 comprising providing the oxidizing fluid intb the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

321 7. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0l2 m. 

20 \ 

3218. The method of claim 3204, further comprising remWing water from the formation 
prior to heating the portion. \ 

3219. The method of claim 3204, further comprising controlling the temperature of the 
25 formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3220. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of tnls 
formation. \ 
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322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formationNand wherein the overburden casing comprises steel. 

3222. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, whereinsthe overburden casing is disposed in an overburden of the 
formation, and whereinNhe overburden casing is further disposed in cement. 

3223. The method of claim ^204, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3224. The method of claim 3204, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. \ 

3225. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation wkh an oxidizing fluid, wherein 
heating comprises: \ 

oxidizing a fuel gas in a heater, wherein the heater issdisposed external to the 
formation; \ 

providing the oxidized fuel gas from the heater to the portion of the formation; 
and \ 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
formation; \ 

providing the oxidizing fluid to a reaction zone in the formation; \ 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and \ 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. \ 
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^22^ The method of claim 3225, further comprising transporting the oxidizing fluid 
througnHhe reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
5 oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3228. The method o^claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. \ 

10 \ 

3229. The method of claim 32^5, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

15 3230. The method of claim 3225, wherema conduit is disposed in the opening, the 

method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. kA 

323 1. The method of claim 3225, wherein a condurUs disposed within the opening, the 
20 method further comprising removing an oxidation prompt from the formation through 

the conduit. \ 

3232. The method of claim 3225, wherein a conduit is disposeXwithin the opening, the 
method further comprising removing an oxidation product from theJbrmation through 

25 the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. \ 

3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation though 

30 the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. \ 
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323^. The method of claim 3225, wherein a conduit is disposed within the opening, the 
methocKfurther comprising removing an oxidation product from the formation through 
the conduiKand controlling a pressure between the oxidizing fluid and the oxidation 
5 product in theNconduit to reduce contamination of the oxidation product by the oxidizing 
fluid. \ 

3235. The method ofclaim 3225, wherein a conduit is disposed within the opening, the 
method further comprising, removing an oxidation product from the formation through 

10 the conduit and substantiall>\inhibiting the oxidation product from flowing into portions 
of the formation beyond the reason zone. 

3236. The method of claim 3225, fuHher comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

15 (\A 

3237. The method of claim 3225, wherein a (Wer conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposecW*ithin the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer condu^. 

20 \ 

3238. The method of claim 3225, wherein the portion of thesformation extends radially 
from the opening a width of less than approximately 0.2 m. \ 

3239. The method of claim 3225, further comprising removing water from the formation 
25 prior to heating the portion. \ 

3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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^241 . The method of claim 3225. further comprising coupling an overburden casing to 
th^pening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3242. The naethod of claim 3225. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wnbrein the overburden casing comprises steel. 

3243. The method of cl^im 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3244. The method of claim 3225, turther comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. /\J 

3245. The method of claim 3225, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. \ 

3246. A system configured to heat a coal formation, comprising: 

an insulated conductor disposed within an op&n wellbore in the formation, 
wherein the insulated conductor is configured to proviate radiant heat to at least a portion 
of the formation during use; and \ 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. \ 

3247. The system of claim 3246, wherein the insulated conductor i\ further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. \ 

3248. The system of claim 3246, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. \ 
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3349. The system of claim 3246, further comprising a support member and a centralizer, 
wherehuhe support member is configured to support the insulated conductor, and 
wherein th^centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

3250. The system ofohiim 3246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm\ 

325 1 . The system of claim 324)1 further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially noOieat. 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in condiMor comprises a rubber insulated 
conductor. f \A 

3253. The system of claim 3246, further comprising aSlead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of claim 3246, further comprising a lead-in\onductor coupled to the 
insulated conductor with a cold pin transition conductor. \ 

3255. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cokKpin transition 
conductor comprises a substantially low resistance insulated conductor. \ 

3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. \ 
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3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposbd in an electrically insulating material, and wherein the conductor comprises a 
copper-nicKel alloy. 

3258. The systehi of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electHcally insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately r2 % nickel by weight. 

3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulatirte material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-Kickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by height. 

3260. The system of claim 3246, wherein theunsulated conductor comprises a conductor 
disposed in an electrically insulating material, arid wherein the electrically insulating 
material comprises a thermally conductive material^ 

326 1 . The system of claim 3246, wherein the insulatedVmductor comprises a conductor 
disposed in an electrically insulating material, and whereinthe electrically insulating 
material comprises magnesium oxide. \ 

3262. The system of claim 3246, wherein the insulated conductorV>mprises a conductor 
disposed in an electrically insulating material, wherein the electricallVVmsulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. \ 

3263. The system of claim 3246, wherein the insulated conductor comprises a\onductor 
disposed in an electrically insulating material, and wherein the electrically insulatfng 
material comprises aluminum oxide and magnesium oxide. \ 
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3264x/rhe system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed uNan electrically insulating material, wherein the electrically insulating material 
comprises magh^sium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the gra^n particles are configured to occupy porous spaces within the 
5 magnesium oxide. \ 

3265. The system of claim 32H6, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material and wherein the electrically insulating 
material is disposed in a sheath, andVherein the sheath comprises a corrosion-resistant 

10 material. \ 

3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, afod wherein the electrically insulating 
material is disposed in a sheath, and wherein the sneath comprises stainless steel. 

15 (V\ 

3267. The system of claim 3246, further comprising wo additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. \ 

20 3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. \ 

25 3269. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupfed to a 
support member, and wherein the insulated conductor and the additional insulated\ 
conductor are configured in a parallel electrical configuration. \ 

30 3270. The system of claim 3246, wherein the insulated conductor is configured to \ 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 
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. The system of claim 3246, further comprising a support member configured to 
suppoKthe insulated conductor, wherein the support member comprises orifices 
configureosto provide fluid flow through the support member into the open wellbore 
5 during use. \ 

3272. The systenrof claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 

10 support member into the open wellbore during use. 

3273. The system of claim 3246l further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. \, 

15 (^jA 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the open 
wellbore during use. \ 

20 \ 

3275. The system of claim 3246, further comprising ah overburden casing coupled to 
the open wellbore, wherein the overburden casing is dispensed in an overburden of the 
formation. \ 

25 3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in anWerburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3277. The system of claim 3246. further comprising an overburden casingscoupled to 
30 the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. \ 
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3278. The system of claim 3246, further comprising an overburden casing coupled to 
tlV open wellbore, wherein the overburden casing is disposed in an overburden of the 
formkion, and wherein a packing material is disposed at a junction of the overburden 
casing atad the open wellbore. 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellborn, wherein the overburden casing is disposed in an overburden of the 
formation, whereinh packing material is disposed at a junction of the overburden casing 
and the open wellbore^and wherein the packing material is configured to substantially 
inhibit a flow of fluid betWeen the open wellbore and the overburden casing during use. 

3280. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein theNpacking material comprises cement. 

3281 . The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casmg is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. \ 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. \ 

3283. A system configurable to heat a coal formation, comprising: \ 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

\herein the system is configurable to allow heat to transfer from the insulated 
conductor ti\a selected section of the formation during use. 

3284. The systemsof claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. \ 

3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable\to support the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizes 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable toViaintain a location of the insulated conductor 
on the support member. 

3287. The system of claim 3283, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. \ 

3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises^ low resistance conductor 
configurable to generate substantially no heat. \ 

3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. \ 

3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. \ 
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J291. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3292. Thessystem of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
10 disposed in an electricallyHnsulating material, and wherein the electrically insulating 

material is disposed in a sheat 

3294. The system of claim 3283 ; N wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating \paterial, and wherein the conductor comprises a 

15 copper-nickel alloy. 

3295. The system of claim 3283, wherein tlak insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 

20 weight to approximately 12 % nickel by weight. 



25 



3296. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the confcUictor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 



3297. The system of claim 3283, wherein the insulated conductor compass a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 



30 
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x3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
deposed in an electrically insulating material, and wherein the electrically insulating 
materiXcomprises magnesium oxide. 

3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an eleWally insulating material, wherein the electrically insulating material 
comprises magnesiunWide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3300. The system of claim 32&3, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3301. The system of claim 3283, whereiW insulated conductor comprises a conductor 
disposed in an electrically insulating materiaWherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable toNoccupy porous spaces within the 
magnesium oxide. ( \\ 

3302. The system of claim 3283, wherein the insulated <Wductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. \ 

3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electricalljNmsulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3304. The system of claim 3283. further comprising two additional insulated \ 
conductors, wherein the insulated conductor and the two additional insulated conductor 
are configurable in a 3-phase Y configuration. \ 
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5305. The system of claim 3283, further comprising an additional insulated conductor, 
wh^sein the insulated conductor and the additional insulated conductor are coupled to a 
support niember, and wherein the insulated conductor and the additional insulated 
conductor ate configurable in a series electrical configuration. 



10 



3306. The systenKof claim 3283, further comprising an additional insulated conductor, 
wherein the insulatecrconductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable In a parallel electrical configuration. 



3307. The system of claim 3283\wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

15 3308. The system of claim 3283, further\pmprising a support member configurable to 
support the insulated conductor, wherein the\upport member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 



20 3309. The system of claim 3283, further comprising ksupport member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 

25 3310. The system of claim 3283, further comprising a tube coupleUto the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid i^to the open 
wellbore during use. 

3311. The system of claim 3283, further comprising a tube coupled to the first^insulated 
30 conductor, wherein the tube comprises critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 

3312. Th& system of claim 3283, further comprising an overburden casing coupled to 
the open weirk>re. wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, whereita the overburden casing is disposed in an overburden of the 
formation, and wherein the oWburden casing comprises steel. 

3314. The system of claim 3283, Wther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

33 15. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casmg is disposed in an overburden of the 
formation, and wherein a packing material is dispensed at a junction of the overburden 
casing and the open wellbore. /\\ 

3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junctioirof the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburdenvcasing during use. 

33 17. The system of claim 3283, further comprising an overburden casingcoupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the o verb urdeta casing 
and the open wellbore, and wherein the packing material comprises cement. \ 

689 Conley, Rose & Tayon. P C 



/S53 18. The system of claim 3283, further comprising an overburden casing coupled to 
the oj*en wellbore, wherein the overburden casing is disposed in an overburden of the 
formation^the system further comprising a wellhead coupled to the overburden casing 
and a lead-iir^pnductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein\at least the one sealing flange is configurable to couple to the lead-in 
conductor. \ 

3319. The system of claim\3283, wherein the system is further configured to transfer 
heat such that the transferred neat can pyrolyze at least some hydrocarbons in the selected 
section. \ 

3320. An in situ method for heatingV coal formation, comprising: 

applying an electrical current to Vn insulated conductor to provide radiant heat to 
at least a portion of the formation, whereik the insulated conductor is disposed within an 
open wellbore in the formation; and \ 

allowing the radiant heat to transfer from the insulated conductor to a selected 
section of the formation. /\\ 

3321. The method of claim 3320, further comprisingWpporting the insulated conductor 
on a support member. \ 

3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated\onductor on the support 
member with a centralizer. \ 

3323. The method of claim 3320, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3-phase Y configuration. \ 
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3324. The method of claim 3320. wherein an additional insulated conductor is disposed 
withirUhe open wellbore. 

3325. TheVthod of claim 3320, wherein an additional insulated conductor is disposed 
within the opeWllbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326. The method of dlaim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore\nd wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 332(Wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/V 

3328. The method of claim 3320, whereV the insulated conductor comprises a 
conductor disposed in an electrically insulathig material, and wherein the conductor 
comprises a copper-nickel alloy. A\ 

3329. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper\ickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 ^Vckel by weight. 

3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein th\conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3331. The method of claim 3320, wherein the insulated conductor comprises^ 
conductor disposed in an electrically insulating material, and wherein the electnW 
insulating material comprises magnesium oxide. \ 
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333\ The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

3333. The method ofsclaim 3320, wherein the insulated conductor comprises a 
conductor disposed in airelectrically insulating material, and wherein the electrically 
insulating material comprises, aluminum oxide and magnesium oxide. 

3334. The method of claim 3320\wherein the insulated conductor comprises a 
conductor disposed in an electricallyVisulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 

3335. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherW the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the open wellbore through an orifice in the 
support member. \ 

3338. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. \ 
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3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbobe proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

3340. The metnbd of claim 3320, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid into the open wellbore through critical flow orifices 
in the tube. \ 

3341 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a^corrosion inhibiting fluid into the open wellbore 
through an orifice in the support memoer. 

3342. The method of claim 3320, wherein\perforated tube is disposed in the open 
wellbore proximate to the insulated conductor,\he method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 

3343. The method of claim 3320, further comprising oetermining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. \ 

3344. The method of claim 3320, further comprising monitoring \leakage current of the 
insulated conductor. \ 

3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. \ 

3346. The method of claim 3320, further comprising monitoring a voltage appliedao the 
insulated conductor. \ 
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3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim\3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. \r\l 

335 1 . The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed inWi overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3353. The method of claim 3320, further comprising coupling an overotarden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. \ 

3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the\ 
formation, and wherein a packing material is disposed at a junction of the overburden \ 
casing and the open wellbore. 
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3355. VThe method of claim 3320, further comprising coupling an overburden casing to 
the open vyellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein tnte insulated conductor is disposed within an opening 
in the formation; and \ 

allowing the heat to transfer from tn& insulated conductor to a section of the 
formation. \ 

3358. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member. \ 

3359. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. \ 

3360. The method of claim 3357, wherein the insulated conductor is cVipled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. \ 

3361 . The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening. \ 
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^362. The method of claim 3357. wherein an additional insulated conductor is disposed 
withhi the opening, and wherein the insulated conductor and the additional insulated 
conducto\are electrically coupled in a series configuration. 

3363. The metfW of claim 3357, wherein an additional insulated conductor is disposed 
within the opening.\nd wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3364. The method of claim 3s557. wherein the provided heat comprises approximately 
500 W/m to approximately 1 15(JW/m. 

3365. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material and wherein the conductor 
comprises a copper-nickel alloy. \-^ A 

3366. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the coppter-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12S% nickel by weight. 

3367. The method of claim 3357, wherein the insulated conaUctor comprises a 
conductor disposed in an electrically insulating material, whereirv the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3368. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. \ 

3369. The method of claim 3357, wherein the insulated conductor comprises a \ 
conductor disposed in an electrically insulating material, wherein the electrically \ 
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^insulating material comprises magnesium oxide, and wherein the magnesium oxide 
corfoprises a thickness of at least approximately 1 mm. 

3370. ThfevJ method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 

3371. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises tiiagnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. \ 

3372. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulaung material, wherein the insulating material 
is disposed in a sheath, and wherein the sheatlrcomprises a corrosion-resistant material. 

3373. The method of claim 3357, wiierein the insumted conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprisesSstainless steel. 

3374. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the opening through^ an orifice in the 
support member. \ 

3375. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. \ 
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^39^6. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the openink through the perforated tube. 

3377. The method of claim 3357, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 3^57, further comprising supporting the insulated conductor 
on a support member and flowing^a corrosion inhibiting fluid into the opening through an 
orifice in the support member. \ 

3379. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

3380. The method of claim 3357, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. \ 

3381. The method of claim 3357, further comprising monitoring a leakage current of the 
insulated conductor. \ 

3382. The method of claim 3357, further comprising monitoring the applied electrical 
current. \ 

3383. The method of claim 3357, further comprising monitoring a voltage applied to the 
insulated conductor. \ 

3384. The method of claim 3357, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. \ 
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^385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 3357. further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of ctaim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. \ 

3388. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3389. The method of claim 3357, further comp irking coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3390. The method of claim 3357, further comprising coupliW an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed ih cement. 

3391 . The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden oYthe 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening^and the overburden casing with a packing material. 

3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3394. A system configured to heat a coal formation, comprising: 

an insulated conductor disposed within an opening in the formation, wherein the 
insulated conductor is configured to provide heat to at least a portion of the formation 
during use. wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and \ 

wherein the system is configured tb allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical cthrent to the insulated conductor 
during use. \ 

3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor 

3397. The system of claim 3394, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. \ 

3398. The system of claim 3394, wherein the opening comprises a diameter orat least 
approximately 5 cm. \ 
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3399. \The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulatecrtonductor, wherein the lead-in conductor comprises a low resistance conductor 
configured tos^enerate substantially no heat. 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wTverein the lead-in conductor comprises a rubber insulated 
conductor. \ 

3401 . The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3403. The system of claim 3394, further compVking a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically msulating material comprises 
a thermally conductive material. \ 

3405. The system of claim 3394, wherein the copper-nickel alloy indisposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. \ 

3406. The system of claim 3394, wherein the copper-nickel alloy is disposed man 
electrically insulating material, wherein the electrically insulating material compiles 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. \ 
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M07. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
elecmcally insulating material, and wherein the electrically insulating material comprises 
aluminurhj oxide and magnesium oxide. 

3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3409. The system of claim 3354, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath cornprises a corrosion-resistant material. 

3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the^electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises shunless steel. 

341 1. The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and theVvo additional insulated conductors 
are configured in a 3 -phase Y configuration. \ 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. \ 

3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor arevcoupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. \ 
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3414^ The system of claim 3394, wherein the insulated conductor is configured to 
generateYadiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

341 5. The systeto of claim 3394, further comprising a support member configured to 
support the insulatecl conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use 

34 1 6. The system of claim 3394, further comprising a support member configured to 
support the insulated conductorNwherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

341 7. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the opening 
during use. )C\ 

34 1 8. The system of claim 3394, further comprisingSa tube coupled 1 to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through .the support member into the opening 
during use. \ 

34 1 9. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3420. The system of claim 3394, further comprising an overburden casing Vmpled to 
the opening, wherein the overburden casing is disposed in an overburden of the\ 
formation, and wherein the overburden casing comprises steel. \ 



703 



Conley, Rose & Tayon. P C. 



342 1 . the system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the openingX 

3423. The system of claim JS94, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and thkoverburden casing during use. 

3424. The system of claim 3394, further composing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed ai\a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein\the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple, to the lead-in 
conductor. \ 

3426. The system of claim 3394, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. \ 
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34^7. A system configurable to heat a coal formation, comprising: 

\an insulated conductor configurable to be disposed within an opening in the 
formation^vherein the insulated conductor is further configurable to provide heat to at 
least a portiotrof the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the sysWi is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application^ an electrical current to the insulated conductor 
during use. \ 

3429. The system of claim 3427, further comprising a support member, wherein the 
support member is configurable to support thV insulated conductor. 

3430. The system of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to suppott the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. \ 

343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. \ 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
inflated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductotL wherein the lead-in conductor comprises a copper wire. 

3435. The system of clama 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a coid pin transition conductor. 

3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. \ 

3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. \ 

3439. The system of claim 3427, wherein the copper-nickel alloy is aisposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness\pf at least 
approximately 1 mm. \ 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in ark 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 
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^441. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
elecfrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide 

3442. The systemof claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating raaterial, wherein the electrically insulating material is disposed in 
a sheath, and wherein the\heath comprises a corrosion-resistant material. 

3443. The system of claim 34a7, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wnferein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim 3427, further comprising two additional insulated 
conductors, wherein the insulated conductor ahd the two additional insulated conductors 
are configurable in a 3-phase Y configuration. /\ yl 

3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and tne additional insulated 
conductor are configurable in a series electrical configuration. \ 

3446. The system of claim 3427, further comprising an additional rnsulated conductor, 
wherein the insulated conductor and the additional insulated conductonare coupled to a 
support member, and wherein the insulated conductor and the additional rnsulated 
conductor are configurable in a parallel electrical configuration. \ 

3447. The system of claim 3427, wherein the insulated conductor is configurabRs to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during, use. 
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3448. The system of claim 3427, further comprising a support member configurable to 
sitpport the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during us^l 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to^provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

3450. The system of claim 3427, further comprising a tube coupled to. the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the opening 
during use. \ 

345 1 . The system of claim 3427, further Comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow throWh the support member into the opening 
during use. \ 

3452. The system of claim 3427, further comprising ak overburden casing coupled to 
the opening, wherein the overburden casing is disposed irkan overburden of the 
formation. \ 

3453. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. \ 
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>455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3456. The system* of claim 3427, further comprising an overburden casing coupled to 
the opening, whereiirthe overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3457. The system of claim 3427, fVther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellheadVmpled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead, comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. \ 

3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. \ 

3460. An in situ method for heating a coal formation, comprising: \ 
applying an electrical current to an insulated conductor to provide heat to\t least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
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in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
aboroximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

\allowing the heat to transfer from the insulated conductor to a selected section of 
the formaHpn. 

3461 . The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. 

3462. The method of clam 3460, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centrali^er. 

3463. The method of claim 3460, wherein the insulated conductor is coupled to two 
additional insulated conductors, whereiV the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y confiscation. 

3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening. \ 

3465. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and me additional insulated 
conductor are electrically coupled in a series configuration. \ 

3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. \ 

3467. The method of claim 3460, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. \ 
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jh^8. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The m&thod of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 
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3470. The method of claimo460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material\vherein the electrically insulating material comprises 

10 magnesium oxide, and wherein the\magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3471. The method of claim 3460, wherein\|ie copper-nickel alloy is disposed in an 
electrically insulating material, and wherein tn^electrically insulating material comprises 

15 aluminum oxide and magnesium oxide. 
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3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 
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3473. The method of claim 3460, wherein the copper-nickel alloy rs disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 

3474. The method of claim 3460, wherein the copper-nickel alloy is disposechin an 
electrically insulating material, wherein the insulating material is disposed in a sn^ath, 
and wherein the sheath comprises stainless steel. 
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3475. The method of claim 3460, further comprising supporting the insulated conductor 
on^support member and flowing a fluid into the opening through an orifice in the 
support member. 

3476. The niethod of claim 3460. further comprising supporting the insulated conductor 
on a support mbmber and flowing a substantially constant amount of fluid into the 
opening through epical flow orifices in the support member. 

3477. The method of clahn 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3479. The method of claim 3460. further compiling supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. \ 

3480. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. \ 

348 1 . The method of claim 3460, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. \ 

3482. The method of claim 3460, further comprising monitoring a leakage current of the 
insulated conductor. \ 
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3h$3. The method of claim 3460, further comprising monitoring the applied electrical 
current. 

3484. The method of claim 3460, further comprising monitoring a voltage applied to the 
insulated conductor. 

3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with arteast one thermocouple. 

3486. The method of claim 3460v further comprising electrically coupling a lead-in 
conductor to the insulated conductorKwherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3487. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pi^i transition conductor. 

3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially lowesistance insulated 
conductor. \ 

3489. The method of claim 3460, further comprising coupling anWerburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the\ 
formation, and wherein the overburden casing comprises steel. \ 
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34^1 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation^ and wherein the overburden casing is further disposed in cement. 

3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening\ 

3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the methoa\further comprises inhibiting a flow of fluid between 
the opening and the overburden casinkwith a packing material. 

3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least sofcne hydrocarbons within the formation. 

3495. A system configured to heat a coal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3 -phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation duringuse. 

3496. The system of claim 3495, wherein at least the three insulateosconductors are 
further configured to generate heat during application of an electrical cunrent to at least 
the three insulated conductors during use. \ 

3497. The system of claim 3495, further comprising a support member, wherei 
support member is configured to support at least the three insulated conductors. 



714 



Conley, Rose & Tayon. P C. 



"3498. The system of claim 3495, further comprising a support member and a centralizer, 
whereto the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 
5 three insulatbd conductors on the support member. 

3499. The system\of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm.\ 

10 3500. The system of clainr3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. \ 

15 3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

3502. The system of claim 3495, further comprising\at least one lead-in conductor 
20 coupled to at least the three insulated conductors, wherein at least the one lead-in 

conductor comprises a copper wire. \ 

3503. The system of claim 3495, further comprising at least otae lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

25 \ 

3504. The system of claim 3495, further comprising at least one leadrin conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ 

30 \ 
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v 3505. The system of claim 3495, wherein at least the three insulated conductors 
conWise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

5 3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conouctor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3507. The system of claim 3495, wherein at least the three insulated conductors 
10 comprise a conductor dispo$ed in an electrically insulating material, wherein the 

conductor comprises a coppertoickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nuskel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3495>WMc£in at least the three insulated conductors 
15 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel allo\ and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3509. The system of claim 3495, wherein at leasithe three insulated conductors 

20 comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 

25 electrically insulating material comprises magnesium oxide. \ 

3511. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the tnagnesium 

30 oxide comprises a thickness of at least approximately 1 mm. \ 
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35.12. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grairNparticles are configured to occupy porous spaces within the 
magnesium oxide. \ 

3514. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed i\an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. a^Na 

3515. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. \ 

3516. The system of claim 3495, wherein at least the thrfce insulated conductors are 
configured to generate radiant heat of approximately 500 W)m to approximately 1 150 
W/m of at least the three insulated conductors during use. \ 

3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into^the opening 
during use. \ 

35 1 8. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
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^critical flow orifices configured to provide a substantially constant amount of fluid flow 
though the support member into the opening during use. 

3519. \he system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. 



3520. The systenrof claim 3495, further comprising a tube coupled to at least the three 
insulated conductors,\herein the tube comprises critical flow orifices configured to 

10 provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 

3521 . The system of claim 3495Niirther comprising an overburden casing coupled to 
the opening, wherein the overburden\^sing is disposed in an overburden of the 

15 formation. 
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3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comWises steel. 

3523. The system of claim 3495, further comprising arroverburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of\^e overburden 
casing and the opening. 



30 3525. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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Vormation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow fluid between the opening and the overburden casing during use. 

5 3526. The^ystem of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherern a packing material is disposed at a junction of the overburden casing 
and the opening, anaWherein the packing material comprises cement. 

10 3527. The system of claims3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further conWising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

15 flange, and wherein at least the one sealingvflange is configured to couple to the lead-in 
conductor. / \\ 

3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

20 section. \ 

3529. A system configurable to heat a coal formation, composing: 

at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
25 in a 3-phase Y configuration, and wherein at least the three insulatea\conductors are 

further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. \ 
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35iUK The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three instated conductors during use. 

5 353 1 . The systenKof claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 
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3532. The system of claim\3529, further comprising a support member and a centralizer, 
wherein the support member is^configurable to support at least the three insulated 
conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on theVipport member. 

3533. The system of claim 3529, wherein\he opening comprises a diameter of at least 
approximately 5 cm. 

3534. The system of claim 3529, further comprisiite at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configurable to generate substantially no 
heat. 

3535. The system of claim 3529, further comprising at least on^slead-in conductor 
coupled to at least the three insulated conductors, wherein at least tft^ one lead-in 
conductor comprises a rubber insulated conductor. 



25 3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 



3537. The system of claim 3529, further comprising at least one lead-in conductor 
30 coupled to at least the three insulated conductors with a cold pin transition conductor. 
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3538L The system of claim 3529, further comprising at least one lead-in conductor 
couplecko at least the three insulated conductors with a cold pin transition conductor, 
wherein tnfe cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3539. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating Vaterial is disposed in a sheath. 

3540. The system of claim, 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3541 . The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3543. The system of claim 3529, wherein at least the three\insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductivevmaterial. 

3544. The system of claim 3529, wherein at least the three insulated^ conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. \ 
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354^ The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3546. The systena of claim 3529, wherein at least the three insulated conductors 
comprise a conductohdisposed in an electrically insulating material, and wherein the 
electrically insulating m&terial comprises aluminum oxide and magnesium oxide. 

3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, whereih the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 

3548. The system of claim 3529, wherein at lM&t the three insulated conductors 
comprise a conductor disposed in an electrically rnsulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. \ 

3549. The system of claim 3529, wherein at least the three\insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherem the sheath comprises 
stainless steel. \ 

3550. The system of claim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. \ 

355 1. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
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orifices configurable to provide fluid flow through the support member into the opening 
duringsuse. 

3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orificekconfigurable to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein tne tube is configurable to provide a flow of fluid into the 
opening during use. \ 

3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. ( Y/>\ 

3555. The system of claim 3529, further comprising^ overburden casing coupled to 
the opening, wherein the overburden casing is disposeckin an overburden of the 
formation. \ 

3556. The system of claim 3529, further comprising an overo^irden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden ofthe 
formation, and wherein the overburden casing is further disposed in cement. \ 

3558. The system of claim 3529, further comprising an overburden casing coupled\o 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
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- formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3559. Thksystem of claim 3529, further comprising an overburden casing coupled to 
5 the o^ning,\vherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, ahd wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

10 3560. The system of claimXJ529, further comprising an overburden casing coupled to 
the opening, wherein the overlWden casing is disposed in an overburden of the 
kQ formation, wherein a packing mat^ial is disposed at a junction of the overburden casing 

% and the opening, and wherein the packing material comprises cement. 

ill „ 

jjj 15 3561 . The system of claim 3529, further^pmprising an overburden casing coupled to 

the opening, wherein the overburden casing rs disposed in an overburden of the 
O formation, the system further comprising a wellhead coupled to the overburden casing 

and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
20 flange, and wherein at least the one sealing flange is cor^igurable to couple to the lead-in 
conductor. 

3562. The system of claim 3529, wherein the system is furthe^configured to transfer . 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

25 section. 

3563. An in situ method for heating a coal formation, comprising: 
applying an electrical current to at least three insulated conductors to\provide heat 

to at least a portion of the formation, wherein at least the three insulated conductors are 
30 disposed within an opening in the formation; and 
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\ allowing the heat to transfer from at least the three insulated conductors to a 
selected section of the formation. 

3564. Thkmethod of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member. 

3565. The methocrof claim 3563, further comprising supporting at least the three 
insulated conductors o\a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizer. 

3566. The method of claim 3563, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W^m. 

3567. The method of claim 3563, wherekat least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. \ 

3568. The method of claim 3563, wherein at leastthe three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3569. The method of claim 3563, wherein at least the three insWted conductors 
comprise a conductor disposed in an electrically insulating material wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. \ 



725 



Conley, Rose & Tayon. P C. 



3571. XThe method of claim 3563, wherein at least the three insulated conductors 
comprise a^pnductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises aNthickness of at least approximately 1 mm. 

3572. The method of cfoim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material\pmprises aluminum oxide and magnesium oxide. 

3573. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises niagnesium oxide, wherein the magnesium 
oxide comprises grain particles, and whereinNhe grain particles are configured to occupy 
porous spaces within the magnesium oxide. /\\ 

3574. The method of claim 3563, wherein at least tne three insulated conductors 
comprise a conductor disposed in an electrically insulatrng material, wherein the 
insulating material is disposed in a sheath, and wherein thessheath comprises a corrosion- 
resistant material. \ 

3575. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. \ 

3576. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the support member. \ 
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3577v The method of claim 3563, further comprising supporting at least the three 
insulatecKeonductors on a support member and flowing a substantially constant amount of 
fluid into tnk opening through critical flow orifices in the support member. 

3578. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at leastxhe three insulated conductors, the method further comprising 
flowing a fluid into the\pening through the perforated tube. 

3579. The method of claim s 3563, wherein a tube is disposed in the opening proximate to 
at least the three insulated concmctors, the method further comprising flowing a 
substantially constant amount a fluid into the opening through critical flow orifices in the 
tube. V. 

3580. The method of claim 3563, furtherscomprising supporting at least the three 
insulated conductors on a support member ahd flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 

3581 . The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, theonethod further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. \ 

3583. The method of claim 3563, further comprising monitoring a leakage current of at 
least the three insulated conductors. \ 

3584. The method of claim 3563, further comprising monitoring the applieoNelectrical 
current. \ 
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35n85. The method of claim 3563, further comprising monitoring a voltage applied to at 
leastNhe three insulated conductors. 

3586. The\method of claim 3563, further comprising monitoring a temperature in at 
least the three\insulated conductors with at least one thermocouple. 

3587. The methocKof claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

3588. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor. 

3589. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor corcmrises a substantially low resistance 
insulated conductor. f y(\ 

3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposecKin an overburden of the 
formation. \ 

3591 . The method of claim 3563, further comprising coupling^ overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3592. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden olRthe 
formation, and wherein the overburden casing is further disposed in cement. \ 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the evening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and\he opening. 

3594. The methhd of claim 3563, further comprising coupling an overburden casing to 
the opening, whereinahe overburden casing is disposed in an overburden of the 
formation, and whereiirthe method further comprises inhibiting a flow of fluid between 
the opening and the overbusxlen casing with a packing material. 

3595. The method of claim 35&L further comprising heating at least the portion of the 
formation to substantially pyrolyzeV least some of the hydrocarbons within the 
formation. \^ 

3596. A system configured to heat a coal donation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and whereinme first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat\p transfer from the first conductor 
to a section of the formation during use. \ 

3597. The system of claim 3596, wherein the first conductor^ further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596, wherein the first conductor comprises a pipe. 

3599. The system of claim 3596, wherein the first conductor comprises stainless steel. 

3600. The system of claim 3596, wherein the first conduit comprises stainless steel. 
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jt>Ul . The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The\ystem of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material: 



10 



3603. The system of d^aim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material and stainles\steel. 
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3604. The system of claim 3596, \V]ierein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim 3596, further comprising a read-in conductor coupled to the 
20 first conductor, wherein the lead-in conductor comprises copper. 



3607. The system of claim 3596, further comprising a sliding e^ctrical connector 
coupled to the first conductor. 

25 3608. The system of claim 3596, further comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is farther coupled 
to the first conduit. 



3609. The system of claim 3596, further comprising a sliding electrical connectc 
30 coupled to the first conductor, wherein the sliding electrical connector is further couMed 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 



3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second\onductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than the first conductor or the second conductor during 
use. \ 

361 1. The system of claim\3596, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first sectiqn is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less thah heat radiated from the first conductor to the section 
along the second section of the conduit\_^^ 

3612. The system of claim 3596, further conaprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduk during use. 

3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. \ 

3614. The system of claim 3596, further comprising a thermally\onductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. \ 

3615. The system of claim 3596, further comprising a fluid disposed within, the first 
conduit, wherein the fluid is configured to substantially inhibit arcing betweenihe first 
conductor and the first conduit during use. \ 




ai^electrical circuit with the first conductor and the first conduit. 
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S3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first cbnduit during use. 

361 7. The system\pf claim 3596, wherein the first conductor is further configured to 
generate radiant heat\f approximately 650 W/m to approximately 1650 W/m during use. 

3618. The system of claim, 3 5 96, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the fifcst, second, and third conductors are configured to 
operate in a 3 -phase Y configuration duriWuse. 

3619. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. \ 

3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically\coupled to the first 
conductor to form an electrical circuit with a connector. \ 

3621 . The system of claim 3596, further comprising an overburderkcasing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3622. The system of claim 3596, further comprising an overburden casing Coupled to 
the opening, wherein the overburden casing is disposed in an overburden of thk 
formation, and wherein the overburden casing comprises steel. \ 
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3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation^and wherein the overburden casing is further disposed in cement. 

3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the openingA 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the openingvand the overburden casing during use. 

3626. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. \ 

3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed, within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor\£omprises carbon 
steel. \ 

3628. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. \ 
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3^29. The system of claim 3596, wherein the heated section of the formation is 
substantially pyrolyzed. 

3630. A system configurable to heat a coal formation, comprising: 

a firstvonductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and 

wherein the systemds configurable to allow heat to transfer from the first 
conductor to a section of the formation during use. 

363 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3630, wherein the first\£onductor comprises stainless steel. 



20 3634. The system of claim 3630, wherein the first condkit comprises stainless steel. 



3635. The system of claim 3630, further comprising a centrafeer configurable to 
maintain a location of the first conductor within the first conduit. 

25 3636. The system of claim 3630, further comprising a centralizer coitfigurable to 

maintain a location of the first conductor within the first conduit, wherei\the centralizer 
comprises ceramic material. 



3637. The system of claim 3630, further comprising a centralizer configurable 
30 maintain a location of the first conductor within the first conduit, wherein the centrhjizer 
comprises ceramic material and stainless steel. 
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363$. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, \\herein the lead-in conductor comprises a low resistance conductor 
configurable to genbrate substantially no heat. 

3640. The system of claiin 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the read-in conductor comprises copper. 

3641. The system of claim 3630Murther comprising a sliding electrical connector 
coupled to the first conductor. \ 

3642. The system of claim 3630. furthercomprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. \ 

3643. The system of claim 3630, further comprising^ sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and tlAfirst conduit. 

3644. The system of claim 3630. further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupleosto the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. \ 

3645. The system of claim 3630, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness ofthe 
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second section such that heat radiated from the first conductor to the section along the 
fhst section of the conduit is less than heat radiated from the first conductor to the section 
alon\the second section of the conduit. 
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3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, whereui the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first conduit during use. 

3647. The system of claihi 3630, further comprising a thermally conductive fluid 
10 disposed within the first conceit. 

3648. The system of claim 3630,\irther comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 
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3649. The system of claim 3630, further cornprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 

3650. The system of claim 3630, further comprising a Kibe disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

365 1 . The system of claim 3630, wherein the first conductor is fiirther\onfigurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W<m during use. 



3652. The system of claim 3630, further comprising a second conductor disposed within 
30 a second conduit and a third conductor disposed within a third conduit, wherein firs 

conduit, the second conduit and the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
sthe third conductor, and wherein the first, second, and third conductors are configurable 
to\perate in a 3 -phase Y configuration during use. 

3653. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, whereinthe second conductor is electrically coupled to the first 
conductor to tbrm an electrical circuit. 
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3654. The system of claim 3630, further comprising a second conductor disposed within 
10 the first conduit, wherern the second conductor is electrically coupled to the first 

conductor to form an electrical circuit with a connector. 

3655. The system of claim 363QL further comprising an overburden casing coupled to 
the opening, wherein the overburdei^casing is disposed in an overburden of the 

1 5 formation. 
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3656. The system of claim 3630, further conaprising an overburden casing coupled to 
the opening, wherein the overburden casing is oisposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3657. The system of claim 3630, further comprising arroverburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the^overburden 
casing and the opening. 

30 3659. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
^nd the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3660. Khe system of claim 3630, further comprising an overburden casing coupled to 
the opening\and a substantially low resistance conductor disposed within the overburden 
casing, wherena the substantially low resistance conductor is electrically coupled to the 
first conductor. \ 

366 1 . The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. \ 

3662. The system of claim 3630, furtnercomprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to supporithe substantially low resistance conductor 
within the overburden casing. \ 

3663. The system of claim 3630, wherein the heated section of the formation is 
substantially pyrolyzed. \ 

3664. An in situ method for heating a coal formation, comprising: 

applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a, first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section erf the formation. 

3665. The method of claim 3664, wherein the first conductor comprises a pipe. 
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3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 
3667\ The method of claim 3664, wherein the first conduit comprises stainless steel. 

3668. TheNriethod of claim 3664, further comprising maintaining a location of the first 
conductor in tne first conduit with a centralizer. 

3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material. \ 

3670. The method of claim 3664>ftirther comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. \/~^ 

3671 . The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. \ 

3672. The method of claim 3664, further comprising electrically coupling a sliding 
electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead configured to complete an elecurical circuit with the first 
conductor. \ 

3673. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the firs\conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generateo\by the first 
conduit. \ 

3674: The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. \ 
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3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

5 3676. The\nethod of claim 3664. further comprising monitoring the applied electrical 
current. 

3677. The method\f claim 3664, further comprising monitoring a voltage applied to the 
first conductor. 

10 

3678. The method of claim o§64, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3679. The method of claim 3664, furtWsr comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing\is disposed in an overburden of the 

formation. 

3680. The method of claim 3664, further comprisiiW coupling an overburden casing to 
the opening, wherein the overburden casing is disposed^ an overburden of the 

20 formation, and wherein the overburden casing comprises steel. 

368 1 . The method of claim 3664, further comprising couplingVi overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 



3682. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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368\ The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation\and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3684. The methodsof claim 3664, further comprising coupling an overburden casing to 
the opening, wherein\ substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially^pw resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and whereirv the substantially low resistance conductor 
comprises carbon steel. /\\ 

3686. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. \ 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. \ 

3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 
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36£9l The method of claim 3664, further comprising maintaining a sufficient pressure 
betweeri the first conduit and the formation to substantially inhibit deformation of the 
first condmt. 

3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the rkst conduit. 

3691 . The method orclaim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit wrth a fluid disposed within the first conduit. 

3693. The method of claim 3664, furthhr comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. AT^l 

3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 

3695. The method of claim 3664. wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. \ 

3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. \ 

3697. The method of claim 3664, wherein a second conductor is disposed witnin a 
second conduit and a third conductor is disposed within a third conduit, wherein tnfe 
second conduit and the third conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
Conductor, and wherein the first, second, and third conductors are configured to operate 
inV 3-phase Y configuration. 

3698. \he method of claim 3664, wherein a second conductor is disposed within the 
first conduct, wherein at least one sliding electrical connector is coupled to the first 
conductor an& the second conductor, and wherein heat generated by at least the one 
sliding electricaKconnector is less than heat generated by the first conductor or the second 
conductor. \ 

3699. The method of claim 3664, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less tmn heat radiated from the first conductor to the section 
along the second section of the conduits 

3700. The method of claim 3664, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. \ 

3701 . The method of claim 3664, further comprising\iisposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fMd through the perforated tube. 

3702. The method of claim 3664, further comprising heating\t least the portion of the 
formation to substantially pyrolyze at least some of the carbon wftfiin the formation. 

3703. A system configured to heat a coal formation, comprising: \ 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; \ 

a second conductor disposed in a second conduit, wherein the second \onduit is 
disposed within a second opening in the formation; \ 
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\ a third conductor disposed in a third conduit, wherein the third conduit is disposed 
vvithin^a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at least a portion of the formation 
during use; anci 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of cikim 3703, wherein the first, second, and third conductors are 
further configured to generate heat during application of an electrical current to the first 
conductor. \ 

3705. The system of claim 3703/Vherein the first, second, and third conductors 
comprise a pipe. V- — nJI 

3706. The system of claim 3703, whereinihe rirst, second, and third conductors 
comprise stainless steel. \ 

3707. The system of claim 3703, wherein the first,\econd, and third openings comprise 
a diameter of at least approximately 5 cm. \ 

3708. The system of claim 3703, further comprising a first\liding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled\p the third conductor. 

3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connectV is further 
coupled to the first conduit. \ 
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374X). The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connectoKis further coupled to the second conduit. 

371 1. The system of claim 3703, further comprising a third sliding electrical connector 
coupled to the thirH conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 

3712. The system of claim, 3703, wherein each of the first, second, and third conduits 
comprises a first section and a\second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors rathe section along the first section of each of the 
conduits is less than heat radiated from, the first, second, and third conductors to the 
section along the second section of each\f the conduits. 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation^) f the first, second, and third 
conduits during use. 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 



3715. The system of claim 3703, further comprising a thermally conductive fluid 
25 disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



30 



3716. The system of claim 3703, further comprising a fluid disposed withinahe first, 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. 
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37V7. The system of claim 3703, further comprising at least one tube disposed within 
the Inst, second, and third openings external to the first, second, and third conduits, 
whereiirat least the one tube is configured to remove vapor produced from at least the 
heated portkm of the formation such that a pressure balance is maintained between the 
first, second, ahd third conduits and the first, second, and third openings to substantially 
inhibit deformatioK of the first, second, and third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. \ 

3719. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the rarmation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. \ 

3 72 1 . The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. \ 

3722. The system of claim 3703, further comprising at least one overburaen casing 
coupled to the first, second, and third openings, wherein at least the one overourden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and, third 
openings. \ 
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The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation wherein a packing material is 
disposed at ^junction of at least the one overburden casing and the first, second, and third 
openings, and therein the packing material is further configured to substantially inhibit a 
flow of fluid betwb^n the first, second, and third opening and at least the one overburden 
casing during use. 
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10 3724. The system of clainr^703, wherein the heated section of the formation is 
substantially pyrolyzed. 



3725. A system configurable to neara coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed withih a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposeckin a third conduit, wherein the third 
conduit is configurable to be disposed within a third opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
in a 3-phase Y configuration, and wherein the first, second,\nd third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transit- from the first, second, 
and third conductors to a selected section of the formation during us 
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3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical cun^nt to the first 
conductor. 

30 3727. The system of claim 3725, wherein the first, second, and third conductors 
comprise a pipe. 
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\ 3728. The system of claim 3725, wherein the first, second, and third conductors 
comprise stainless steel. 

3729. \The s y stem of claim 3725, wherein the first, second, and third opening comprise a 
diameterW at least approximately 5 cm. 

3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the fir^veonductor and a second sliding electrical connector coupled to the 
second conductor ancta third sliding electrical connector coupled to the third conductor. 

373 1 . The system of claim\3725, further comprising a first sliding electrical connector 
coupled to the first conductor/Vherein the first sliding electrical connector is further 
coupled to the first conduit. \~ 

3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second cotoduit. 

3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. \ 

3734. The system of claim 3725, wherein each of the first, Second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. \ 
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3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within t^e first, second, and third conduits. 

3737. The system of oaim 3725, further comprising a thermally conductive fluid 
disposed within the first, sbcond, and third conduits, wherein the thermally conductive 
fluid comprises helium. \ 

3738. The system of claim 3725, norther comprising a fluid disposed within the first, 
second, and third conduits, wherein thXfluid is configurable to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. V\V 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the fim, second, and third conduits, 
wherein at least the one tube is configurable to remove v^por produced from at least the 
heated portion of the formation such that a pressure balancers maintained between the 
first, second, and third conduits and the first, second, and third\openings to substantially 
inhibit deformation of the first, second, and third conduits duringsuse. 

3740. The system of claim 3725, wherein the first, second, and thirctaonductors are 
further configurable to generate radiant heat of approximately 650 W/m\to approximately 
1650 W/m during use. \ 

3741 . The system of claim 3725, further comprising at least one overburdenVasing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. \ 



749 



Conley, Rose & Tayon. P C. 



S5742. The system of claim 3725, further comprising at least one overburden casing 
cohpled to the first, second, and third openings, wherein at least the one overburden 
casingvis disposed in an overburden of the formation, and wherein at least the one 
overburofen casing comprises steel. 

3743. The sy^em of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed lh an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3744. The system of claim\3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overbura^n of the formation, and wherein a packing material is 
disposed at a junction of at least the\)ne overburden casing and the first, second, and third 
openings. FT\ 

3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings^ wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at least the one overburderkcasing and the first, second, and third 
openings, and wherein the packing material is further\onfigurable to substantially inhibit 
a flow of fluid between the first, second, and third openmg and at least the one 
overburden casing during use. \ 

3746. The system of claim 3725, wherein the heated section of the formation is 
substantially pyrolyzed. \ 

3747. An in situ method for heating a coal formation, comprising: \ 
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applying an electrical current to a first conductor to provide heat to at least a 
p&tion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherbin the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a second opening in the formation; 

applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat flo transfer from the first, second, and third conductors to a 
selected section of the formation. 

3748. The method of claim 3747,\yherein the first, second, and third conductors 
comprise a pipe. 

3749. The method of claim 3747, whereii^the first, second, and third conductors 
comprise stainless steel. 



3750. The method of claim 3747, wherein the first^ second, and third conduits comprise 
20 stainless steel. 



15 



375 1 . The method of claim 3747, wherein the provided n^at comprises approximately 
650 W/m to approximately 1650 W/m. 

25 3 752. The method of claim 3747, further comprising determinate a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first second, and third conduits. 

3753. The method of claim 3747, further comprising monitoring the applied electrical 
30 current. 
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375.4. The method of claim 3747, further comprising monitoring a voltage applied to the 
vfirst, second, and third conductors. 

3755\jhe method of claim 3747, further comprising monitoring a temperature in the 
first, secohd, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, s^pnd, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of clainr3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. / \A 

3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, seconckand third conduits with a fluid 
disposed within the first, second, and third conduits\ 

3760. The method of claim 3747, further comprising renaoving a vapor from the first, 
second, and third openings using at least one perforated tabXdisposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. \ 

376 1 . The method of claim 3747, wherein the first, second, and third^conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third Yonduits is 
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less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. \The method of claim 3747, further comprising flowing an oxidizing fluid through 
an orifice V the first, second, and third conduits. 

3763. The metftod of claim 3747, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3764. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a conduit, wherein the conduit is disposed within an 
opening in the formation; and \ 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor with a connector, and wherein the first and 
second conductors are configured to prwide heat to at least a portion of the formation 
during use; and wv\ 

wherein the system is configured to ailow heat to transfer from the first and 
second conductors to a selected section of the tVmation during use. 

3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical cureentto the first conductor. 

3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. \ 

3767. The system of claim 3764. wherein the first and second conouctors comprise 
stainless steel. \ 

3768. The system of claim 3764, wherein the conduit comprises stainless steel. 
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3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material. 



3771. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 

10 comprises ceramic material akd stainless steel. 

3772. The system of claim 3764,\^herein the opening comprises a diameter of at least 
approximately 5 cm. 



15 3773. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the leadrin conductor comprises a low resistance 
conductor configured to generate substantially V) heat. 

3774. The system of claim 3764, further comprising a lead-in conductor coupled to the 
20 first and second conductors, wherein the lead-in conductor comprises copper. 



25 



3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductors the section along the 
first section of the conduit is less than heat radiated from the firs\conductor to the section 
along the second section of the conduit. 
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3776. The system of claim 3764, further comprising a fluid disposed Within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit {^substantially 
inhibit deformation of the conduit during use. 
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3777. The system of claim 3764, further comprising a thermally conductive fluid 
deposed within the conduit. 

3778. \he system of claim 3764, further comprising a thermally conductive fluid 
disposed wkhin the conduit wherein the thermally conductive fluid comprises helium. 

3779. The systehi of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid isVmfigured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. 

3780. The system of claim ^764, further comprising a tube disposed within the opening 
external to the conduit, whereimthe tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening\p substantially inhibit deformation of the conduit 
during use. A\l 

378 1 . The system of claim 3764, wherein thfe first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. \ 

3782. The system of claim 3764, further comprising anWerburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3783. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. \ 

3784. The system of claim 3764, further comprising an overburden casingscoupled to 
the opening, wherein the overburden casing is disposed in an overburden of tW 
formation, and wherein the overburden casing is further disposed in cement. \ 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
thW opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing ^d the opening. 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid betweto the opening and the overburden casing during use. 

3787. The system of claim 3764\wherein the heated section of the formation is 
substantially pyrolyzed. X""^ 

3788. A system configurable to heat a co^l formation, comprising: 

a first conductor configurable to be deposed in a conduit, wherein the conduit is 
configurable to be disposed within an opening lk the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable to be electrically coupled tV the first conductor with a 
connector, and wherein the first and second conductors\re further configurable to 
provide heat to at least a portion of the formation during u^e; and 

wherein the system is configurable to allow heat to tmisfer from the first and 
second conductors to a selected section of the formation during^use. 

3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3790. The system of claim 3788, wherein the first and second conductors comprise a 
pipe. \ 
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3^91 . The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the conduit comprises stainless steel, 

3793. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location, of the first and second conductors within the conduit. 
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3794. The system of claim 3788, further comprising a centralizer configurable to 
10 maintain a location of the First and second conductors within the conduit, wherein the 

centralizer comprises ceramiix material. 

3795. The system of claim 3788, farther comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 

15 centralizer comprises ceramic material andstainless steel. 

3796. The system of claim 3788, wherein tn^ opening comprises a diameter of at least 
approximately 5 cm. 

20 3797. The system of claim 3788, further comprising^ lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 



3798. The system of claim 3788, further comprising a lead-in^conductor coupled to the 
25 first and second conductors, wherein the lead-in conductor comprises copper. 
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3799. The system of claim 3788, wherein the conduit comprises a firfct section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section^ along the 
first section of the conduit is less than heat radiated from the first conductor to\the section 
along the second section of the conduit. 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3801. hhe system of claim 3788, further comprising a thermally conductive fluid 
disposed wkhin the conduit. 

3802. The system^of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3803. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurablesto substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, furmerMomprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation sucnNthat a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. \ 

3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 wfm to approximately 1650 
W/m during use. \ 

3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden\)f the 
formation. \ 
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380?. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation^ and wherein the overburden casing comprises steel. 

3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3809. The system of clank 3 788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packink material is disposed at a junction of the overburden 
casing and the opening. \ 

38 1 0. The system of claim 3788, furtheXcomprising an overburden casing coupled to 
the opening, wherein the overburden casingNs disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3811. The system of claim 3788, wherein the heated section of the formation is 
substantially pyrolyzed. \ 

3812. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and \ 

allowing heat to transfer from at least the two conductors to a selecteclsection of 
the formation. . \ 

3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 
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,3814. The method of claim 3812, wherein at least the two conductors comprise stainless 

5 3815. method of claim 3812, wherein the conduit comprises stainless steel. 

3816. The method of claim 3812, further comprising maintaining a location of at least 
the two conductor^ in the conduit with a centralizer. 
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10 3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the c^pduit with a centralizer, wherein the centralizer comprises 
ceramic material. 
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3818. The method of claim 3812, ftirther comprising maintaining a location of at least 
the two conductors in the conduit with\centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 

3819. The method of claim 3812, wherein the\rovided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3820. The method of claim 3812, further comprising cWrmining a temperature 
distribution in the conduit using an electromagnetic signaPprovided to the conduit. 



3821 . The method of claim 3812, further comprising monitoring the applied electrical 
25 current. 

3822. The method of claim 3812, further comprising monitoring a voft^ge applied to at 
least the two conductors. 

30 3823. The method of claim 3812, further comprising monitoring a temperature^ the 
conduit with at least one thermocouple. 
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3824. The method of claim 3812, further comprising coupling an overburden casing to 
le opening, wherein the overburden casing is disposed in an overburden of the 

Ration. 

3825. TH^ method of claim 3812, further comprising coupling an overburden casing to 
the opening, Nyherein the overburden casing is disposed in an overburden of the 
formation, and \herein the overburden casing comprises steel 
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10 3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein thXpverburden casing is disposed in an overburden of the 
formation, and wherein theWerburden casing is further disposed in cement. 

3827. The method of claim 38P2, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3828. The method of claim 3812, further corWising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packingsmaterial. 



3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
25 between the conduit and the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3812, further comprising providing\ thermally conductive 
fluid within the conduit. 

30 383 1 . The method of claim 3812, further comprising providing a therrkally conductive 
fluid within the conduit, wherein the thermally conductive fluid compriseVhelium. 
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38<52. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

3833. The\nethod of claim 3812. further comprising removing a vapor from the 
opening using V perforated tube disposed proximate to the conduit in the opening to 
control a pressun^in the opening. 

3834. The method of Maim 3812, further comprising flowing a corrosion inhibiting fluid 
through a perforated tubexiisposed proximate to the conduit in the opening. 

3835. The method of claim 3842, wherein the conduit comprises a first section and a 
second section, wherein a thickne^ of the first section is greater than a thickness of the 
second section such that heat radiateci from the first conductor to the section along the 
first section of the conduit is less than neat radiated from the first conductor to the section 
along the second section of the conduit. \rx 

3836. The method of claim 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. \ 

3837. The method of claim 3812, further comprisingxlisposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3838. The method of claim 3812, further comprising heatin&at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3839. A system configured to heat a coal formation, comprising: \ 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first portion of the formation during use; \ 
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at least one sliding connector, wherein at least the one sliding connector is 
^coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
slidim^connector is substantially less than the heat provided by at least the one conductor 
during use^and 

whereta the system is configured to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

3840. The system of ctaim 3839, wherein at least the one conductor is further 
configured to generate heaKduring application of an electrical current to at least the one 
conductor. \ 

3841. The system of claim 3839, therein at least the one conductor comprises a pipe. 

3842. The system of claim 3839. whereik at least the one conductor comprises stainless 
steel. /xA* 

3843. The system of claim 3839. wherein the conduit comprises stainless steel. . 

3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. \ 

3845. The system of claim 3839, further comprising a centralizfer configured to maintain 
a location of at least the one conductor within the conduit, whereinNthe centralizer 
comprises ceramic material. \ 

3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. \ 
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3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. T^he system of claim 3839, further comprising a lead-in conductor coupled to at 
least the onkconductor, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3849. The system of\claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor,Vherein the lead-in conductor comprises copper. 

3850. The system of claim 3839, wherein the conduit comprises a first section and a 
second section, wherein a thickne$s of the first section is greater than a thickness of the 
second section such that heat radiateH from the first conductor to the section along the 
first section of the conduit is less than lWt radiated from the first conductor to the section 
along the second section of the conduit. )C\ 

3851. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure\\vithin the conduit to substantially 
inhibit deformation of the conduit during use. \ 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. \ 

3853. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3854. The system of claim 3839, further comprising a fluid disposed withinahe conduit, 
wherein the fluid is configured to substantially inhibit arcing between at least the one 
conductor and the conduit during use. \ 
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3855. The system of claim 3839, further comprising a tube disposed within the opening 
External to the conduit, wherein the tube is configured to remove vapor produced from at 
leaststhe heated portion of the formation such that a pressure balance is maintained 
betweehahe conduit and the opening to substantially inhibit deformation of the conduit 
during use\ 

3856. The syste\of claim 3839, wherein at least the one conductor is further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. \ 

3857. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3858. The system of claim 3839. further cbmiprising an overburden casing coupled to 
the opening, wherein the overburden casing isxlisposed in an overburden of the 
formation, and wherein the overburden casing cornprises steel. 

3859. The system of claim 3839, further comprising aXpverburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3860. The system of claim 3839, further comprising an overburderHeasing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the^overburden 
casing and the opening. \ 

386 1 . The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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the opening, and wherein the packing material is further configured to substantially 
inhibit^ flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and\substantially low resistance conductor disposed within the overburden 
casing, wherein the\ubstantially low resistance conductor is electrically coupled to at 
least the one conductor 
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3863. The system of claimS3839, further comprising an overburden casing coupled to 
the opening and a substantiallyslow resistance conductor disposed within the overburden 
casing, wherein the substantially rc>w resistance conductor is electrically coupled to at 
least the one conductor, and whereiir^he substantially low resistance conductor comprises 
carbon steel. 

3864. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 



20 3865. The system of claim 3839, wherein the heated section^f the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a coal formation, comprising: 

at least one conductor configurable to be disposed in a conduit, v^herein the 
25 conduit is configurable to be disposed within an opening in the formation, and wherein at 
least the one conductor is further configurable to provide heat to at least a firs\portion of 
the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliditag 
30 connector is further configurable to provide heat during use, and wherein heat providec 
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by at least the one sliding connector is substantially less than the heat provided by at least 
£he one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
condubtor to a section of the formation during use. 

3867. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate heat during application of an electrical current to at least the one 
conductor. 
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10 3868. The system of 0^0x3866. wherein at least the one conductor comprises a pipe. 

3869. The system of claim 3866^'herein at least the one conductor comprises stainless 
steel. 

15 3870. The system of claim 3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor withirkthe conduit. 



20 3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conchjit, wherein the 
centralizer comprises ceramic material. 



3873. The system of claim 3866. further comprising a centralizer configurable to 
25 maintain a location of at least the one conductor within the conduit, wherein, the 

centralizer comprises ceramic material and stainless steel. 

3874. The system of claim 3866, wherein the opening comprises a diameter of at l^ast 
approximately 5 cm. 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
Heast the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3876. Tne system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one\;onductor, wherein the lead-in conductor comprises copper. 

3877. The systenkof claim 3866, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such thai heat radiated from the first conductor to the section along the 
first section of the conduitsis less than heat radiated from the first conductor to the section 
along the second section of t^e conduit. 

3878. The system of claim 3866^ftirther comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit durinVusa 

3879. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit. \ 

3880. The system of claim 3866, further comprising athermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3881 . The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the conduit during use. \ 

3882. The system of claim 3866, further comprising a tube disposed withm the opening 
external to the conduit, wherein the tube is configurable to remove vapor proauced from 
at least the heated portion of the formation such that a pressure balance is maintained 
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\ between the conduit and the opening to substantially inhibit deformation of the conduit 
V during use. 

3883N s The system of claim 3866, wherein at least the one conductor is further 
5 configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during u$e. 

3884. The system ofalaim 3866 ? further comprising an overburden casing coupled to 
the opening, wherein the\yerburden casing is disposed in an overburden of the 

10 formation. \ 

3885. The system of claim 3866, rarther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casingcomprises steel. 

15 f \\ 

3886. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

20 3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction orsthe overburden 
casing and the opening. \ 

25 3888. The system of claim 3866, further comprising an overburden casing coaled to 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

30 
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3889. The system of claim 3866, further comprising an overburden casing coupled to 
q£ opening and a substantially low resistance conductor disposed within the overburden 
casirtg, wherein the substantially low resistance conductor is electrically coupled to at 
least the\ne conductor. 
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3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor\nd wherein the substantially low resistance conductor comprises 

10 carbon steel. 

389 1 . The system of claim 3866>sfurther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 

15 within the overburden casing. 
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3892. The system of claim 3866, wherein the heated section of the formation is 
substantially pyrolyzed. 

20 3893. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within\ conduit, and 
wherein heat provided by at least the one conductor is substantially greater than heat 
25 provided by at least the one sliding connector; and 

allowing the heat to transfer from at least the one conductor and at ie^t the one 
sliding connector to a section of the formation. 



3894. The method of claim 3893, wherein at least the one conductor comprises a pip 
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5895. The method of claim 3893, wherein at least the one conductor comprises stainless 
stelsJ. 

3896. fhe method of claim 3893, wherein the conduit comprises stainless steel. 
5 \ 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductokin the conduit with a centralizer. 

3898. The method ofslaim 3893, further comprising maintaining a location of at least 
10 the one conductor in the conduit with a centralizer, wherein the centralizer comprises 

ceramic material. 

3899. The method of claim 3893^Airther comprising maintaining a location of at least 
the one conductor in the conduit with^ centralizer, wherein the centralizer comprises 

1 5 ceramic material and stainless steel. 

3900. The method of claim 3893, wherein th\provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

20 3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal^provided to the conduit. 

3902. The method of claim 3893, farther comprising monitoring the applied electrical 
current. 



25 



3903. The method of claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 



3904. The method of claim 3893, further comprising monitoring a temperature the 
30 conduit with at least one thermocouple. 
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"3905. The method of claim 3893, further comprising coupling an overburden casing to 
the\>pening, wherein the overburden casing is disposed in an overburden of the 
formarton. 

3906. The nWhod of claim 3893. further comprising coupling an overburden casing to 
the opening, whetein the overburden casing is disposed in an overburden of the 
formation, and vvherem the overburden casing comprises steel. 

3907. The method of claina 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overlWden casing is further disposed in cement. 

3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casink is disposed in an overburden of the 
formation, and wherein a packing material is apposed at a junction of the overburden 
casing and the opening. fSk 

3909. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in \n overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. \ 

3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposedNvithin the 
overburden casing, and wherein the substantially low' resistance conductor is\dectrically 
coupled to at least the one conductor. \ 

3911. The method of claim 3893, further comprising coupling an overburden casinVto 
the opening, wherein a substantially low resistance conductor is disposed within the \ 
overburden casing, wherein the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 

3912. The Nnethod of claim 3893, further comprising coupling an overburden casing to 
the opening, wWein a substantially low resistance conductor is disposed within the 
overburden casing,\vherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 

3913. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor/wherein the lead-in conductor comprises a low 
resistance conductor configured to generate\3ubstantially n o heat. 

3914. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the Ibad-in conductor comprises copper. 

3915. The method of claim 3893, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3916. The method of claim 3893. further comprising providing a thermally conductive 
fluid within the conduit. \ 

3917. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3918. The method of claim 3893, further comprising inhibiting arcing between the \ 
conductor and the conduit with a fluid disposed within the conduit. \ 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
cohnrol a pressure in the opening. 

3920. Th^method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

392 1 . The method oiSclaim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. \ 

3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893. ftirthercomprising heating at least the portion of the 
formation to substantially pyrolyze at least sofcae^f the carbon within the formation. 

3924. A system configured to heat a coal formation^ comprising: 

at least one elongated member disposed within an opening in the formation, 
wherein at least the one elongated member is configured tO\provide heat to at least a 
portion of the formation during use; and \ 

wherein the system is configured to allow heat to transfenfrom at least the one 
elongated member to a section of the formation during use. \ 

3925. The system of claim 3924, wherein at least the one elongated mender comprises 
stainless steel. \ 

3926. The system of claim 3924, wherein at least the one elongated member is fukher 
configured to generate heat during application of an electrical current to at least the o\e 
elongated member. \ 
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3927. The system of claim 3924, further comprising a support member coupled to at 
le^st the one elongated member, wherein the support member is configured to support at 
least Nhe one elongated member. 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elong^ed member, and wherein the support member comprises openings. 

3929. The system of claira 3924, further comprising a support member coupled to at 
least the one elongated membbr, wherein the support member is configured to support at 
least the one elongated member, vyherein the support member comprises openings, 
wherein the openings are configured\o flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at leakthe* one elongated member during use. 

3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member dunng use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 
elongated member during use. \ 

3931 . The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. \ 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated \ 
member, wherein the centralizer is configured to maintain a location of at least the one \ 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

39 j\ The system of claim 3924, further comprising a lead-in conductor coupled to at 
least throne elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated number, wherein the lead-in conductor comprises a rubber 
insulated conductor. \ 

3936. The system of claim 3924;\further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3937. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pirrtpansition conductor. 

3938. The system of claim 3924, further comprising\lead-in conductor coupled to at 
least the one elongated member with a cold pin transition\pnductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3924, wherein at least the one elongatedsmember is arranged 
in a series electrical configuration. \ 

3940. The system of claim 3924, wherein at least the one elongated membersis arranged 
in a parallel electrical configuration. \ 

394 1 . The system of claim 3924, wherein at least the one elongated member is \ 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 \ 
W/m during use. 
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s5942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. \ 

3943. The systena of claim 3924, further comprising an overburden casing coupled to 
the opening, whereinNfte overburden casing is disposed in an overburden of the 
formation. \ 

3944. The system of claim 392*L further comprising an overburden casing coupled to 
the opening, wherein the overburdekcasing is disposed in an overburden of the 
formation, and wherein the overburdeircasing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. \ 

3948. The system of claim 3924, further comprising an overburden casing coupled to\ 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
Wiibit a flow of fluid between the opening and the overburden casing during use. 

3949. \he system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzed. 

3950. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein arjeast the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

395 1. The system of claim 3950, whereiVat least the one elongated member comprises 
stainless steel. yr\ 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. \ 

3953. The system of claim 3950, further comprising a support number coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member. \ 

3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable tossupport 
at least the one elongated member, and wherein the support member comprises opimings. 

3955. The system of claim 3950, further comprising a support member coupled to at \ 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. \ 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length ol^at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbon deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim 3950, fufctfier comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member couplecL to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location of at least the one 
elongated member on the support member. \ 

3959. The system of claim 3950, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3960. The system of claim 3950, further comprising a lead-in conductorscoupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. \ 

396 1 . The system of claim 3950, further comprising a lead-in conductor coupled to^at 
least the one elongated member, wherein the lead-in conductor comprises a rubber \ 
insulated conductor. 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
Wist the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. \he system of claim 3950, further comprising a lead-in conductor coupled to at 
least the orte elongated member with a cold pin transition conductor. 

3964. The systemspf claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongateHjnember with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950v wherein at least the one elongated member is arranged 
in a series electrical configuration. \ 

3966. The system of claim 3950, wherein^ least the one elongated member is arranged 
in a parallel electrical configuration. 

3967. The system of claim 3950, wherein at least tn& one elongated member is 
configurable to generate radiant heat of approximately 6S0 W/m to approximately 1650 
W/m during use. \ 

3968. The system of claim 3950, further comprising a perforatecTtube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. \ 

3969. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the \ 
formation. \ 
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S3 970. The system of claim 3950, further comprising an overburden casing coupled to 
thXppening, wherein the overburden casing is disposed in an overburden of the 
fommion, and wherein the overburden casing comprises steel. 

3971. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, whe\in the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972. The system of clainr3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing ^material is disposed at a junction of the overburden 
casing and the opening. V- _ 

3973. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing issdisposed in an overburden of the 
formation, wherein a packing material is dispose!! at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, further comprising an oyerburden casing coupled to 
the opening, wherein the overburden casing is disposed in anVverburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing ^uring use. 

3975. The system of claim 3950, wherein the heated section of the formation is 
substantially pyrolyzed. \ 

3976. An in situ method for heating a coal formation, comprising: \ 
applying an electrical current to at least one elongated member to provide heatsto 

at least a portion of the formation, wherein at least the one elongated member is disposeel 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongated member to a section of 
theYormation. 

3977. The method of claim 3976, wherein at least the one elongated member comprises 
5 a metal strip 

3978. The metho^of claim 3976. wherein at least the one elongated member comprises 
a metal rod. 
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10 3979. The method of claim\976, wherein at least the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member. 



15 



398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, whei^in the center support member 
comprises a tube. 



20 3982. The method of claim 3976, further comprising electrically isolating at least the 
one elongated member with a centralizer. 



25 



3983. The method of claim 3976, further comprising laterally spacing^: least the one 
elongated member with a centralizer. 

3984. The method of claim 3976 ? further comprising electrically coupling at leh^t the 
one elongated member in a series configuration. 



3985. The method of claim 3976, further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 
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3986. The method of claim 3976. wherein the provided heat comprises approximately 
^650 W/m to approximately 1650 W/m. 

3987\ The method of claim 3976, further comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

3988. The methochof claim 3976, further comprising monitoring the applied electrical 
current. \ 

3989. The method of claim J976, further comprising monitoring a voltage applied to at 
least the one elongated member. \ 

3990. The method of claim 3976, further comprising monitoring a temperature in at 
least the one elongated member with at leasOme thermocouple. 

3991 . The method of claim 3976, further compming supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 
the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. \ 

3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on at least the one elongated member. \ 

3993. The method of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. \ 
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\ 3994. The method of claim 3976, further comprising electrically coupling a lead-in 
\ conductor to at least the one elongated member, wherein the lead-in conductor comprises 
aMow resistance conductor configured to generate substantially no heat. 

5 3995. Yhe method of claim 3976, further comprising electrically coupling a lead-in 
conductor^ at least the one elongated member using a cold pin transition conductor. 

3996. The metnhd of claim 3976, further comprising electrically coupling a lead-in 
conductor to at leasrthe one elongated member using a cold pin transition conductor, 

10 wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ 

3997. The method of claim 397o^sftirther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

15 formation. \ 

3998. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 3999. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in element. 

4000. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction ortiie overburden 

25 casing and the opening. \ 

4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a floV of 

30 fluid between the opening and the overburden casing with the packing material. \ 
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\ 4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

4003. }\ system configured to heat a coal formation, comprising: 

5 at lbast one elongated member disposed within an opening in the formation, 

wherein at lea^t the one elongated member is configured to provide heat to at least a 
portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
10 provide an oxidizing fluid item the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configui^d to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 
15 \ 

4004. The system of claim 4003, wherein at lbast the one elongated member comprises 
stainless steel. (X\ 

4005. The system of claim 4003, wherein at least the ohe elongated member is further 
20 configured to generate heat during application of an electrical current to at least the one 

elongated member. \ 

4006. The system of claim 4003, wherein at least the one elongate\member is coupled 
to the conduit, wherein the conduit is further configured to support at Rs&st the one 

25 elongated member. \ 

4007. The system of claim 4003, wherein at least the one elongated member lk coupled 
to the conduit, wherein the conduit is further configured to support at least the one, 
elongated member, and wherein the conduit comprises openings. \ 

30 \ 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
otae elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 



4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongate^ member and the conduit, wherein the centralizer is configured to maintain 
a location of atNleast the one elongated member on the conduit. 
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4010. The system o^claim 4003, wherein the opening comprises a diameter of at least 
10 approximately 5 cm. 

40 1 1 . The system of claim 4b03, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

15 

4012. The system of claim 4003, further c&mprising a lead-in conductor coupled to at 
least the one elongated member, wherein the legd-in conductor comprises a rubber 
insulated conductor. 

20 4013. The system of claim 4003, further comprising a\lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



25 



4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor 

4015. The system of claim 4003, further comprising a lead-in conductoKcoupled to at 
least the one elongated member with a cold pin transition conductor, wheretn the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



30 4016. The system of claim 4003, wherein at least the one elongated member is arrayed 
in a series electrical configuration. 
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S40 1 7. The system of claim 4003, wherein at least the one elongated member is arranged 
in^a parallel electrical configuration. 

4018. Tte system of claim 4003, wherein at least the one elongated member is 
configured th generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during useK 

4019. The system of claim 4003, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. \ 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. f\\\ 

402 1 . The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposecl in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003, further comprising an overbusxien casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system of claim 4003, further comprising an overburden casingscoupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overbidden 
casing and the opening. \ 
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|024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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4025. The system^ f claim 4003 , further comprising an overburden casing coupled to 
the opening, whereiirthe overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 

10 inhibit a flow of fluid betweenNthe opening and the overburden casing during use. 

4026. The system of claim 4003, wherein the heated section of the formation is 
substantially pyrolyzed. 

15 4027. A system configurable to heat a coal fbnnation, comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable tcmllow the oxidizing fluid to 
substantially inhibit carbon deposition on or proximate to at leasr^he one elongated 
member during use; and 

wherein the system is further configurable to allow heat to tranter from at least 
25 the one elongated member to a section of the formation during use. 



4028. The system of claim 4027, wherein at least the one elongated member comprises 
stainless steel. 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elon&ited member. 

4030. Th\system of claim 4027, wherein at least the one elongated member is coupled 
to the conduihsAvherein the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of Claim 4027, wherein at least the one elongated member is coupled 
to the conduit, wherein th&conduit is further configurable to support at least the one 
elongated member, and wherfcin the conduit comprises openings. 

4032. The system of claim 4027, rarther comprising a centralizer coupled to at least the 
one elongated member and the conduitNwherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, further compming a centralizer coupled to at least the 
one elongated member and the conduit, wherein the\entralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of claim 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. \ 

4036. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. \ 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
Heast the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038\jhe system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongab^d member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 40^7, wherein at least the one elongated member is arranged 
in a series electrical configuration/^ 

4041. The system of claim 4027, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. /\A> 

4042. The system of claim 4027, wherein at leasuhe one elongated member is 
configurable to generate radiant heat of approximatelj\650 W/m to approximately 1650 
W/m during use. \ 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressurevin the opening 
during use. \ 

4044. The system of claim 4027, further comprising an overburden casing chupled to 
the opening, wherein the overburden casing is disposed in an overburden of the\ 
formation. \ 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
format ionSand wherein the overburden casing comprises steel. 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, whereih the overburden casing is disposed in an overburden of the 
formation, and whereirkhe overburden casing is further disposed in cement. 
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4047. The system of claim 4827, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

4048. The system of claim 4027, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed ara junction of the overburden casing 
and the opening, and wherein the packing material conWises cement. 



4049. The system of claim 4027, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing dufipg use. 

25 4050. The system of claim 4027, wherein the heated section of the formation ^ 
substantially pyrolyzed. 
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405 1 . An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
ihjiibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. 
5 \ 

4052. The n\ethod of claim 405 1 , wherein at least the one elongated member comprises 
a metal strip. 

4053. The method of\|aim 405 1 , wherein at least the one elongated member comprises 
10 a metal rod. 



4054. The method of claim 405 LN^herein at least the one elongated member comprises 
stainless steel. 
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15 4055. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member. 



4056. The method of claim 405 1, further comprising supporting at least the one 
elongated member on a center support member, wherein fl^e center support member 
20 comprises a tube. 



4057. The method of claim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centralizer. 

25 4058. The method of claim 405 1 , further comprising laterally spacing at lea^the one 
elongated member with a centralizer. 
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4059. The method of claim 405 1, further comprising electrically coupling at least the 
one elongated member in a series configuration. 
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\4060. The method of claim 405 1 ? further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

406 1 . Tnfes^nethod of claim 405 1 , wherein the provided heat comprises approximately 
5 650 W/m to approximately 1650 W/m. 

4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the ohe elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

10 \ 

4063 . The method of claim 405 1 ? further comprising monitoring the applied electrical 
current. aT^V 

4064. The method of claim 405 1 , further compiling monitoring a voltage applied to at 
1 5 least the one elongated member. \ 

4065. The method of claim 405 1, further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple^ 

20 4066. The method of claim 405 1 , further comprising supporting at I&ist the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. \ 

25 \ 
4067. The method of claim 405 1 , wherein providing the oxidizing fluid to at least the\ 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least the one elongated member. 
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X068. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low Resistance conductor configured to generate substantially no heat. 

4069. The rnethod of claim 405 1, further comprising electrically coupling a lead-in 
conductor to arieast the one elongated member using a cold pin transition conductor. 

4070. The method oKelaim 405 U further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transitW conductor comprises a substantially low resistance 
insulated conductor. \ 

4071 . The method of claim 405 1 , fufcher comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. [ V\\ 

4072. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

4073 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cem&nt. 

4074. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of theWerburden 
casing and the opening. \ 

4075. The method of claim 405 1 , further comprising coupling an overburdemcasing to 
the opening, wherein a packing material is disposed at a junction of the overburoen 
casing and the opening, and wherein the method further comprises inhibiting a flowu>f 
fluid between the opening and the overburden casing with the packing material. \ 
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40^6. The method of claim 405 1, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4077. AnV situ method for heating a coal formation, comprising: 
oxidizing a fuel fluid in a heater; 

providing^ least a portion of the oxidized fuel fluid into a conduit disposed in an 
opening of the formation; 

allowing heat ^transfer from the oxidized fuel fluid to a section of the formation; 

and 

allowing additional h^t to transfer from an electric heater disposed in the opening 
to the section of the formation, wherein heat is allowed to transfer substantially uniformly 
along a length of the opening. 
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4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
15 fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

conduit disposed in the opening. 

4079. The method of claim 4077, wherein providing least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

20 conduit disposed in the opening, the method further comprising removing an exhaust 
fluid through the opening. 
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4080. The method of claim 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

408 1 . The method of claim 4077, further comprising removing the oxidizea^uel fluid 
through the conduit. 



4082. The method of claim 4077, further comprising removing the oxidized fuel flirt 
30 through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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W)83. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on\ surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
5 conduit. 

4084. The method of claim 4077, wherein the electric heater is an insulated conductor. 

4085. The method o^claim 4077, wherein the electric heater is a conductor disposed in 
10 the conduit. 



4086. The method of claim 4Q77, wherein the electric heater is an elongated conductive 
member. 
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15 4087. A system configured to heat a coal formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more heat source^ are configured to provide heat to at least 
a portion of the formation during use; and 

wherein the system is configured to allow heat\to transfer from the one or more 
20 heat sources to a selected section of the formation duringvuse. 
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4088. The system of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least\he two heat sources 
pyrolyzes at least some hydrocarbons within the selected section ofthe formation. 

4089. The system of claim 4087, wherein the one or more heat sources comprise 
electrical heaters. 



4090. The system of claim 4087, wherein the one or more heat sources compriseysurface 
30 burners. 
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4091 . The system of claim 4087, wherein the one or more heat sources comprise 
flhmeless distributed combustors. 

4092. The system of claim 4087, wherein the one or more heat sources comprise natural 
distributed combustors. 

4093. The system acclaim 4087, wherein the one or more open wellbores comprise a 
diameter of at least approximately 5 cm. 

4094. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wbllbores, wherein the overburden casing is disposed in 
an overburden of the formation. i 

4095. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherem the overburden casing is disposed in 
an overburden of the formation, and wherein the oven^urden casing comprises steel. 

4096. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overVirden casing is disposed in 
an overburden of the formation, and wherein the overburden casmg is further disposed in 
cement. \ 

4097. The system of claim 4087, further comprising an overburden casW coupled to at 
least one of the one or more open wellbores, wherein the overburden casing^is disposed in 
an overburden of the formation, and wherein a packing material is disposed at\ junction 
of the overburden casing and the at least one of the one or more open wellbores. \ 

4098. The system of claim 4087, further comprising an overburden casing coupled ttrat 
least one of the one or more open wellbores, wherein the overburden casing is disposed if^ 
an overburden of the formation, wherein a packing material is disposed at a junction of 
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\he overburden casing and the at least one of the one or more open wellbores, and 
\vherein the packing material is configured to substantially inhibit a flow of fluid between 
at lea& one of the one or more open wellbores and the overburden casing during use. 

5 4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the\ne or more open wellbores, wherein the overburden casing is disposed in 
an overburden of tne formation, wherein a packing material is disposed at a junction of 
the overburden casing\nd the at least one of the one or more open wellbores, and 
wherein the packing material comprises cement. 
10 \ 

4100. The system of claim 4087, wherein the system is further configured to transfer 
heat such that the transferred hea^can pyrolyze at least some hydrocarbons in the selected 
section. 

15 4101. The system of claim 4087, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. \ 

4102. The system of claim 4087, further comprising^ valve coupled to a production 
20 well configured to control a pressure within at least a majority of the selected section of 

the formation. \ 

4103. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least onfe portion of the 
25 formation, wherein the one or more heat sources are disposed withinxme or more open 
wellbores in the formation; \ 

allowing the heat to transfer from the one or more heat sources to asselected 
section of the formation; and \ 

producing a mixture from the formation. \ 
30 • \ 
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\4104. The method of claim 4103, wherein the one or more heat sources comprise at 
lekst two heat sources, and wherein superposition of heat from at least the two heat 
sourciss pyrolyzes at least some hydrocarbons within the selected section of the 
formaticm 
5 \ 

4105. The method of claim 4103, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyroWsis temperature of about 250 °C and an upper pyrolysis 
temperature of about 400 

4106. The method of claim 4 10\ wherein the one or more heat sources comprise 
electrical heaters. \ 

4107. The method of claim 4103, whereiK the one or more heat sources comprise 
15 surface burners. f\A 

4108. The method of claim 4103, wherein the one cu: more heat sources comprise 
flameless distributed combustors. \ 

20 4109. The method of claim 4103, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

4110. The method of claim 4103, wherein the one or more heat sources are suspended 
within the one or more open wellbores. \ 

25 \ 

4111. The method of claim 4103, wherein a tube is disposed in at least one of the one or 

more open wellbores proximate to heat source, the method further comprising flowing a 
substantially constant amount a fluid into at least one of the one or more open wellbores 
through critical flow orifices in the tube. \ 
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12. The method of claim 4103, wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
compiling flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through tn& perforated tube. 

4113. The metrW of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 
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10 41 14. The method of claim 4rQ3, further comprising coupling an overburden casing to 
at least one of the one or more opekwellbores, wherein the overburden casing is disposed 
in an overburden of the formation, ancKwherein the overburden casing comprise steel. 

4115. The method of claim 4103, further comprising coupling an overburden casing to 
15 at least one of the one or more open wellbores, \vherein the overburden casing is disposed 

in an overburden of the formation, and wherein the^verburden casing is further disposed 
in cement. 

4116. The method of claim 4103, further comprising coujHing an overburden casing to 
20 at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein a packing matenal is disposed at a 
junction of the overburden casing and the at least one of the one ormore open wellbores. 



4117. The method of claim 4103, further comprising coupling an overburden casing to 
25 at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises\nhibiting a 
flow of fluid between the at least one of the one or more open wellbores and theS 
overburden casing with a packing material. 



30 4118. The method of claim 4103, further comprising heating at least the portion of theS 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4119. The method of claim 4103, further comprising controlling a pressure and a 
^^mperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

4120. The method of claim 4103, further comprising controlling a pressure with the 
wellbore. \ 

4121. The method of clairh 4 1 03 , further comprising controlling a pressure within at 
least a majority of the selectecrsection of the formation with a valve coupled to at least 
one of the one or more heat sources. 

4122. The method of claim 4103, furthekcomprising controlling a pressure within at 
least a majority of the selected section of theNformation with a valve coupled to a 
production well located in the formation. f^t\ 

4123. The method of claim 4103, further comprising\pntrolling the heat such that an 
average heating rate of the selected section is less than aohiut 1 °C per day during 
pyrolysis. \ 

4124. The method of claim 4103, wherein providing heat from throne or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and whereiV the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the foimatiism; and 

wherein heating energy/day provided to the volume is equal to or less thanSPwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 



801 



Conley, Rose & Tayon, P.C 



t 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/da 

4125. The^haethod of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sourc^ to the selected section comprises transferring heat substantially by 
conduction. 
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4126. The method of claihi 4103, wherein providing heat from the one or more heat 

10 sources comprises heating the^selected section such that a thermal conductivity of at least 
a portion of the selected section lVereater than about 0.5 W/(m °C). 

4127. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at Ib^st about 25°. 

15 

4128. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight t\about 15 % by weight of the 
condensable hydrocarbons are olefins. 

20 4129. The method of claim 4103, wherein the produced mi^ure comprises non- 
condensable hydrocarbons, and wherein a molar ratio of etheneNto ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15: 



4130. The method of claim 4103, wherein the produced mixture comprises non- 
25 condensable hydrocarbons, and wherein about 0. 1 % by weight to about ls^ % by weight 
of the non-condensable hydrocarbons are olefins. 



30 



4131. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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M 32. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, e£ the condensable hydrocarbons is oxygen. 

4133. The rhethod of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compoundsVomprise phenols. 
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10 4134. The method of claim 4J03, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tt^an about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

4135. The method of claim 4103, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than abou^20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

4136. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weignt of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



4137. The method of claim 4103, wherein the produced mixture^comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4138. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of tjie 
condensable hydrocarbons are cycloalkanes. 



30 4139. The method of claim 4103, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydroge 
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Wi wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greyer than about 0.05 % by weight of the produced mixture is ammonia. 

4141. The method orclaim 4 1 03 , wherein the produced mixture comprises ammonia, 
and wherein the ammoniaNis used to produce fertilizer. 

4142. The method of claim 4105L further comprising controlling a pressure within at 
least a majority of the selected sectftsm of the formation. 

4143. The method of claim 4103, furthe\comprising controlling a pressure within at 
least a majority of the selected section of theibrmation, wherein the controlled pressure 
is at least about 2.0 bar absolute. f\K 

4144. The method of claim 4103, further comprising, controlling formation conditions 
such that the produced mixture comprises a partial presWe of H2 within the mixture 
greater than about 0.5 bar. \ 

4145. The method of claim 4144, wherein the partial pressure o£H2 is measured when 
the mixture is at a production well. \ 

4 146. The method of claim 4 1 03, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. \ 

4147. The method of claim 4103, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon \ 
numbers greater than about 25. \ 
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41s^8. The method of claim 4103, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within tne section; and 

heatkig a portion of the section with heat from hydrogenation. 

4149. The methoasof claim 4103, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensablerwdrocarbons with at least a portion of the produced hydrogen. 
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10 4150. The method of claim 4 1 03\wherein allowing the heat to transfer comprises 

increasing a permeability of a majomy^of the selected section to greater than about 100 
millidarcy. 

4151. The method of claim 4103, wherein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability ofa majority of the selected section. 

4152. The method of claim 4103, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, aWeasured by Fischer Assay. 

20 41 53. The method of claim 4103, wherein producing the mixtures comprises producing 
the mixture in a production well, and wherein at least about 7 heat sauces are disposed in 
the formation for the production well. 



4154. The method of claim 4103, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of thereat 

sources are located in the formation in a unit of heat sources, and wherein the uni\of heat 
sources comprises a triangular pattern. 



4155. The method of claim 4103, further comprising providing heat from three or more^ 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
Wer an area of the formation to form a repetitive pattern of units. 

4156. NThe method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

4157. The metW of claim 4103, further comprising separating the produced mixture 
into a gas stream arKka liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

4158. The method of claim 4RB, wherein the produced mixture comprises H 2 S, the 
method further comprising separathag a portion of the H 2 S from non-condensable 
hydrocarbons. /\A 

4159. The method of claim 4103, wherein the produced mixture comprises C0 2 , the 
method further comprising separating a portioirof the C0 2 from non-condensable 
hydrocarbons. \ 

4160. The method of claim 4103, wherein the mixture ^produced from a production 
well, wherein the heating is controlled such that the mixtureN:an be produced from the 
formation as a vapor. \ 

4161. The method of claim 4103, wherein the mixture is produced irom a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. \ 

4162. The method of claim 4103, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the mixture comprises a larges. 
non-condensable hydrocarbon gas component and H 2 . 
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Hi 63. The method of claim 4103, wherein the selected section is heated to a minimum 
pyradysis temperature of about 270 °C. 

4164. Tn&method of claim 4103, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25v 

4165. The method of cl&m 4103, further comprising controlling pressure within the 
formation in a range from aoout atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, ro control an amount of condensable hydrocarbons within 
the produced mixture, wherein theWessure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. V-^ 

4166. The method of claim 4103, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 1 00 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

4167. A mixture produced from a portion of a coal formation, the mixture comprising: 
an olefin content of less than about 10% by weight; and \ 

an average carbon number less than about 35. \ 

41 68. The mixture of claim 4167, further comprising an average carbon Vamber less 
than about 30. \ 

4169. The mixture of claim 4167, further comprising an average carbon numberless 
than about 25. \ 

4170. The mixture of claim 4167, further comprising: \ 
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\ non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

\yherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4>sto methane, in the mixture is greater than approximately 1 . 

4171. The mixhire of claim 4 1 67, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weignl when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. \ 

4172. The mixture of claim 4167, futther comprising ammonia, wherein greater than 
about 0.05 % by weight of the producechrnixture is ammonia. . 

4173. The mixture of claim 4 1 67, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherem the olefin content of the 
condensable hydrocarbons is less than about 1 5 % by \veight of the condensable 
hydrocarbons. \ 

4 1 74. The mixture of claim 4 1 67, further comprising condensable hydrocarbons, 
wherein less than about 15 % by weight of the condensable hydrocarbons have a carbon 
number greater than about 25. \ 

4175. The mixture of claim 4174, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen,\wherein less 
than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen, and wherein less than about 1 % by weight, when calculated on 
an atomic basis, of the condensable hydrocarbons is sulfur. \ 
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[76. The mixture of claim 4173, further comprising condensable hydrocarbons, 
whetein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 
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5 4177. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methkne, in the mixture is greater than approximately 1 ; 

wherein the non-cond$nsable hydrocarbons further comprise H 2 , wherein greater 
10 than about 1 5 % by weight of this non-condensable hydrocarbons comprises H 2 ; and 
condensable hydrocarbons\omprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
15 condensable hydrocarbons comprises aromatic\compounds. 



Ill 



4178. The mixture of claim 4167, further comprise 

condensable hydrocarbons, wherein less than aW>ut 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
20 about 25; 

wherein the condensable hydrocarbons further comprise 

oxygenated hydrocarbons, wherein greater than ab&ut 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % weight of the 
25 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than ^out 1 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 



4 1 79. The mixture of claim 4 1 67, further comprising a condensable mixture, 
30 comprising: 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

sphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 

41 80. The mixture of claim 41 79, further comprising, oxygenated hydrocarbons, 
wherein less than about 1 5 % by weight of the condensable mixture comprises 
oxygenated hydrocarbons; 
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10 4181. The mixture of claim 4467, further comprising a condensable mixture, 
comprising: 

olefins, wherein about 0. 1 °Aby weight to about 2 % by weight of the 
condensable mixture comprises olefins*, and 

multi-ring aromatics, wherein less^than about 2 % by weight of the condensable 
15 mixture comprises multi-ring aromatics witnSmoie than two rings. 

4 1 82. The mixture of claim 4 1 80, further compn&ingDxygenated hydrocarbons, wherein 
greater than about 25 % by weight of the condensable^mixture comprises oxygenated 
hydrocarbons. 



20 
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41 83. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 
comprise H 2 , wherein greater than about 10 % by weight of the non^condensable 
hydrocarbons comprises H2; 

ammonia, wherein greater than about 0.5 % by weight of the mi^tpre comprises 
ammonia; and 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater ft^an about 2 
carbon atoms, to methane, is greater than about 0.4. 



30 41 84. A mixture produced from a portion of a coal formation, the mixture, comprising: 
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\ non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less, than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to rnethane, in the mixture is greater than approximately 1 . 

4185. The mixture of claim 4 1 84 5 further comprising condensable hydrocarbons, 
wherein about 0.1 % by\eight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

4 1 86. The mixture of claim 4 1 84\wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frorn about 0.001 to about 0.15. 

4187. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. ( \ >r 

4188. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated ohsan atomic basis, of the 
condensable hydrocarbons is oxygen. \ 

4 1 89. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. \ 

4 1 90. The mixture of claim 4 1 84, further comprising condensable hydrocarbons^ 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the \ 
condensable hydrocarbons is sulfur. \ 



811 



Conley, Rose & Tayon, P C. 



SA1 91 . The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

4 1 92. TheViixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less tmn about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics witrKmore than two rings. 

4193. The mixture of clahn 41 84, further comprising condensable hydrocarbons, 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

41 94. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about JO % by weight of the condensable hydrocarbons 
comprise cycloalkanes. /^ViW 

4195. The mixture of claim 4184, wherein the V>n-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. \ 

41 96. The mixture of claim 41 84, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. \ 

4197. The mixture of claim 4184, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. \ 

4198. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than about 1 5 weight % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. . \ 



812 



Conley, Rose & Tayon, PJ 



\l99. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
abourS % by weight of the condensable hydrocarbons comprises olefins. 

5 4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0. 1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

4201 . The mixture of clahn 41 84, further comprising condensable hydrocarbons, 

10 wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weighKof the condensable hydrocarbons comprises oxygenated 
hydrocarbons. )^ * 

4202. The mixture of claim 4184, furthe\comprising non-condensable hydrocarbons, 
15 wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 

5 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4203. The mixture of claim 4184, further comprisingvnon-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2>and wherein greater than about 

20 15 % by weight of the non-condensable hydrocarbons comprises H2. 

4204. The mixture of claim 4184, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. \ 

25 4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4. to methane, is greater than approximately 1; and \ 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
30 than about 5 % by weight of the condensable component comprises oxygenated \ 
hydrocarbons. \ 
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4^06. The mixture of claim 4205, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. 

4207. Thesmixture of claim 4205, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4208. The mixture oKclaim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic rasis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the^condensable hydrocarbons is oxygen. 

4210. The mixture of claim 4205, whereinSjess than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

42 1 1 . The mixture of claim 4205, wherein about 5 °Xby weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenol^. 

42 12. The mixture of claim 4205, wherein greater than about 20 *X> by weight of the 
condensable hydrocarbons are aromatic compounds. \ 

42 13. The mixture of claim 4205, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than twoNings. 

4214. The mixture of claim 4205, wherein less than about 0.3 % by weight of the \ 
condensable hydrocarbons are asphaltenes. ^ 

42 1 5. The mixture of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 
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4^16. The mixture of claim 4205, wherein the non-condensable hydrocarbons comprises 
hydmeen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-bondensable hydrocarbons. 

421 7. The mixtuie of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 42 1 8. The mixture of claiha 4205, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is iwed to produce fertilizer. 

4219. The mixture of claim 4205, wherein less than about 5 weight % of the 
condensable hydrocarbons in the mixtur^ have a carbon number greater than 
1 5 approximately 25 . 
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4220. The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to abour^% by weight of the condensable 
hydrocarbons comprises olefins. 

422 1 . The mixture of claim 4205, wherein the condensable\ydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 



25 4222. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 5 % by weight of the mixture comprises H2. 
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4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons mrther 
comprise H 2 , wherein greater than about 15 % by weight of the mixture comprises\H 2 . 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
"than about 2 carbon atoms, to methane, is greater than about 0.3. 

4225. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, whetein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane^is greater than approximately 1 ; 
condensable hydrocarbons; 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 ^oby weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 

4226. The mixture of claim 4225, further compri^ipg ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is aiftjnonia. 



4227. The mixture of claim 4225, wherein less than abourS weight % of the 
20 condensable hydrocarbons have a carbon number greater than\pproximately 25. 

4228. The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by weight to about 15 % by weight oi\the condensable 
hydrocarbons are olefins. 



25 



4229. The mixture of claim 4225, wherein a molar ratio of ethene to ethane in\he non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4230. The mixture of claim 4225, wherein about 5 % by weight to about 30 % by 
30 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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4i3Ys v The mixture of claim 4225, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

5 4232. The mixttfcre of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarf>ons comprises multi-ring aromatics with more than two rings. 

4233. The mixture of clairn 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are^asphaltenes. 
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4234. The mixture of claim 4225, therein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbonssare cycloalkanes. 

4235. The mixture of claim 4225, wherein theoion-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogervjs^pss than about 80 % by volume 
of the non-condensable hydrocarbons. 



4236. The mixture of claim 4225, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the produced mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, an^wherein the 
ammonia is used to produce fertilizer. 



25 4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4239. The mixture of claim 4225, wherein the non-condensable hydrocarbons compris 
H2, and wherein greater than about 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 
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\4240. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
HKand wherein greater than about 15 % by weight of the mixture comprises H2. 

5 4241 . T^e mixture of claim 4225, wherein a weight ratio of hydrocarbons having greater 
than about 2\earbon atoms, to methane, is greater, than about 0.3. 

4242. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensabJe hydrocarbons comprising hydrocarbons having carbon numbers 

10 of less than 5, wherein aVeight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 
ammonia; and \ 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
1 5 than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. /\/\ 

4243. The mixture of claim 4242, wherein the chndensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. \ 

4244. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene\to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15 A 

25 \ 

4245. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. \ 
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\ 4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 
cbmprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomifcvbasis, of the condensable hydrocarbons is oxygen. 

5 4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfurWd wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the^condensable hydrocarbons is sulfur. 

4248. The mixture of clafrn 4242, wherein the condensable hydrocarbons further 

10 comprise oxygen containing expounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4249. The mixture of claim 4242, whereni the condensable hydrocarbons further 

1 5 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less than aobut 5 % by weight of the 

20 condensable hydrocarbons comprises multi-ring aromatics Nyith more than two rings. 

425 1 . The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weignkof the condensable 
hydrocarbons are asphaltenes. \ 

25 \ 

4252. The mixture of claim 4242, wherein the condensable hydrocarbons^ 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by 
condensable hydrocarbons are cycloalkanes. 

30 4253. The mixture of claim 4242, wherein the non-condensable hydrocarbons furth^ 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 




her 
eight of the 
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non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
^\ volume of the non-condensable hydrocarbons. 

4254. \The mixture of claim 4242, wherein the produced mixture further comprises 

5 ammonia\nd wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. \ 

4255. The mixture, of claim 4242, wherein the produced mixture further comprises 
ammonia, and whereik the ammonia is used to produce fertilizer. 

10 \ 

4256. The mixture of claim 4242, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbonsnumber of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. \ 

4257. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 5 % by weight of the mixture comprises H2. 

4258. The mixture of claim 4242, wherein the nfcm-condensable hydrocarbons further 
20 comprise H2, and wherein greater than about 15 % bv weight of the mixture comprises 

H 2 . \ 

4259. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than z\wherein a weight ratio 

25 of hydrocarbons having carbon numbers greater than 2, to methane\s greater than about 
0.3. \ 

4260. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

30 of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers fronrr2 

through 4, to methane, is greater than approximately 1; and \ 
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condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
jight of the condensable hydrocarbons comprises olefins. 

4261.\rhe mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable ay drocarbons ranges from about 0.001 to about 0.15. 
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4262. The mixtur\of claim 4260, wherein the condensable hydrocarbons further 
comprise nitrogen, anfcL wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4263. The mixture of claim 4S60, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than aboutV % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons i\sulfur. 



20 4265 . The mixture of claim 4260, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5^% by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

25 4266. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by^ weight of the 
condensable hydrocarbons are aromatic compounds. 



4267. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings\ 
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4268\ The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise^asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbon^are asphaltenes. 

4269. The mixture\)f claim 4260, wherein the condensable hydrocarbons further 
comprise cycloalkanes/and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbon^are cycloalkanes. 



m 
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10 4270. The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise hydrogen, and wherein th\hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbons anaNwherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 



□ 
31! 
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15 4271 . The mixture of claim 4260, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % Bj( weight of the produced mixture is 
ammonia. 

4272. The mixture of claim 4260, wherein the produced nWure further comprises 
20 ammonia, and wherein the ammonia is used to produce fertilizer. 



25 



4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about 15 % by weight of the hydrocarbons have a carboy number 
greater than approximately 25. 



4274. The mixture of claim 4260, wherein about 0.1 % to about 5 % by weight \f the 
condensable component comprises olefins. 



30 4275. The mixture of claim 4260, wherein about 0. 1% to about 2 % by weight of the 
condensable component comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
corrWise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4277. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4278. The mixture of claim N 4260, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greaW than about 5 % by weight of the non-condensable 
hydrocarbons comprises H2. \ 

4279. The mixture of claim 4260, wherain the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. (\7V 

4280. The mixture of claim 4260, wherein a weight\atio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than ahonX 0.3. 

428 1 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 15 weight % of the 

condensable hydrocarbons have a carbon number greater than 25; <Wi 

wherein the condensable hydrocarbons comprise oxygenated Hydrocarbons, and 
wherein greater than about 5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. \ 

4282. The mixture of claim 4281 , further comprising non-condensable hydrocaAons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon\ 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon \ 
numbers from 2 through 4, to methane, is greater than approximately 1 . \ 
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X283 . The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4284. The mbrture of claim 4281, further comprising non-condensable hydrocarbons, 
wherein a molar rkio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

4285. The mixture of claim\4281, wherein the condensable hydrocarbons further 
comprise nitrogen, and whereindess than about 1 % by weight, when calculated on an 
atomic basis, of the condensable Hydrocarbons is nitrogen. 

4286. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons\is oxygen. 

4287. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. \ 

4288. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. \ 

4289. The mixture of claim 4281, wherein the condensable hydrocarbons^fiirther 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. \ 
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4290. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

429 1 . The miWre of claim 428 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspndtenes. 

4292. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherdn about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4293. The mixture of claim 428 1 , furthercomprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about 80 % by volume of the non-condensable 
hydrocarbons. v\A 

4294. The mixture of claim 428 1 , further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4295. The mixture of claim 428 1 , further comprising ammonia, ahd wherein the 
ammonia is used to produce fertilizer. \ 

4296. The mixture of claim 4281, wherein the condensable hydrocarbonk further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins. \ 

4297. The mixture of claim 4281, wherein the condensable hydrocarbons further \ 
comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. \ 



825 



Conley, Rose & Tayon, P.C. 



4298\ The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 

4299. The mixtures of claim 4281, wherein the condensable hydrocarbons further 
comprises oxygenatedxhydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 
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4300. The mixture of claim 42^1, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4301. The mixture of claim 4281, further'cddiprising non-condensable hydrocarbons, 
15 wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 

% by weight of the non-condensable hydrocarbons\comprises H2. 

4302. The mixture of claim 4281, wherein a weight rafi^ of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than abou^ 0.3. 

20 

4303. A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 15 % byNveight of the 

condensable hydrocarbons have a carbon number greater than about 25^s 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
25 calculated on an atomic basis, is nitrogen; 

wherein less than about 1 % by weight of the condensable hydrocarbons,\yhen 

calculated on an atomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, whei^s 

calculated on an atomic basis, is sulfur. 
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^304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
vvWein the non-condensable component comprises hydrocarbons having carbon 
number of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers frqm 2 through 4, to methane, is greater than approximately 1 . 

5 \ 

4305. The mixtute of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, ancPwherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

10 4306. The mixture of claim 4503, further comprising non-condensable hydrocarbons, 

jI3% and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 

*£l ranees from about 0.001 to about 0.J 

,1: 

^ 4307. The mixture of claim 4303, whereik the condensable hydrocarbons further 

138 15 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

O wherein the oxygen containing compounds comprise phenols. 



4308. The mixture of claim 4303, wherein the condensable hydrocarbons further 
20 comprise aromatic compounds, and wherein greater than abo^it 20 % by weight of the 

condensable hydrocarbons are aromatic compounds. 

4309. The mixture of claim 4303, wherein the condensable hydro<^rbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4310. The mixture of claim 4303, wherein the condensable hydrocarbons furo^er 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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43 flv The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprisKeycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable\hydrocarbons are cycloalkanes. 

43 12. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % by volume of the non-condensable 
component comprises hydrogen. 

43 13. The mixture of claim 4303, xurther comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

43 14. The mixture of claim 4303, further apprising ammonia, and wherein the 
ammonia is used to produce fertilizer. \, 

43 1 5. The mixture of claim 4303, wherein the cond*$nsable component further 
comprises olefins, and wherein about 0.1 % to about 5 %by weight of the condensable 
component comprises olefins. \ 

43 16. The mixture of claim 4303, wherein the condensable component further 
comprises olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
component comprises olefins. \ 

43 1 7. The mixture of claim 4303, wherein the condensable hydrocarbons Wther 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. \ 

43 1 8. The mixture of claim 4303, further comprising non-condensable hydrocarbon^ 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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43 19. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 \by weight of the non-condensable hydrocarbons comprises H2. 

4320. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about2 carbon atoms, to methane, is greater than about 0.3. 

432 1 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 % by weight of the 

condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable^hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is less than about 10 % by weight of the 
condensable component. \ 

4322. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratiV of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4323. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

4324. The mixture of claim 432 1 , further comprising non-conden^ble hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable nydrocarbons 
ranges from about 0.001 to about 0.15. \ 

4325. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated oiran 
atomic basis, of the condensable hydrocarbons is nitrogen. \ 
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4326. The mixture of claim 4321 , wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4327. The mixture of claim 4321 , wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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10 4328. The mixture of claiifl\4321, wherein the condensable hydrocarbons, wherein about 
5 % by weight to about 30 % bysweight of the condensable hydrocarbons comprise 
oxygen containing compounds, anH^wherein the oxygen containing compounds comprise 
phenols. 

1 5 4329. The mixture of claim 432 1 , whereirNtfie condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



lurk 



4330. The mixture of claim 4321, wherein the condensable hydrocarbons further 
20 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



433 1 . The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weights^f the condensable 
hydrocarbons are asphaltenes. 



4332. The mixture of claim 4321 , wherein the condensable hydrocarbonXfurther 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by v^eight of the 
condensable hydrocarbons are cycloalkanes. 



30 
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4S33. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
hydrogbii is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. 
5 \ 

4334. The mixture of claim 432 1, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4335. The mixture of claim 4321, further comprising ammonia, and wherein the 
10 ammonia is used to produce iertilizer. 

4336. The mixture of claim 432 1 ,Vherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefm^i 

15 4337. The mixture of claim 4321 , wherein about 0. 1 % to about 2 % by weight of the 
condensable component comprises olefins. \ 

4338. The mixture of claim 4321, wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greaterthan about 1.5 % by weight of 

20 the condensable component comprises oxygenated hydrocarbons. 

4339. The mixture of claim 4321, wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. \ 

25 \ 

4340. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater thah about 
5 % by weight of the non-condensable hydrocarbons comprises H2. \ 
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4Ml . The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
1 5 % byNweight of the non-condensable hydrocarbons comprises H2. 

5 4342. The mkture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-bondensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than\5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 throughA to methane, is greater than approximately 0.3. 

10 4343. A mixture produced from a portion of a coal formation, comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and \ 

wherein the condensable hydrocaAons further comprise aromatic compounds, 
15 wherein more than about 20 % by weight of\the condensable hydrocarbons comprises 
aromatic compounds. A>\ 

4344. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hydrocarbons having carbon 

20 numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4345. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 

25 condensable hydrocarbons are olefins. \ 

4346. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbonsYanges 
from about 0.001 to about 0.15. \ 

30 \ 
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4^47. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic bksis, of the condensable hydrocarbons is nitrogen. 

4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygerk and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the\condensable hydrocarbons is oxygen. 

4349. The mixture of ckim 4343, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4350. The mixture of claim 4343, \herein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

435 1 . The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than\bout 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatifcs with more than two rings. 

4352. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by werght of the condensable 
hydrocarbons are asphaltenes. \ 

4353. The mixture of claim 4343, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weightVf the 
condensable hydrocarbons are cycloalkanes. \ 

4354. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the \ 
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hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 

4355. \The mixture of claim 4343, further comprising ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixture is ammonia. 

4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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10 4357. The mixture of oairn 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefihs. 

4358. The mixture of claim 4343 Vherein the condensable hydrocarbons further 
15 comprises olefins, and wherein about \. 1 % to about 2 % by weight of the condensable 

hydrocarbons comprises olefins. 

4359. The mixture of claim 4343, wherein tills condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and ^herein less than about 2 % by weight of 

20 the condensable hydrocarbons comprises multi-ringvaromatic compounds. 
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4360. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about V 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4361 . The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 
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4362. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % bysweight of the non-condensable hydrocarbons comprises H2. 

5 4363. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the norKcondensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight offche non-condensable hydrocarbons comprises H2. 

4364. The mixture of clkhn 4343, further comprising non-condensable hydrocarbons, 
10 wherein the non-condensablk hydrocarbons comprises hydrocarbons having carbon 

numbers of less than 5, and whfexein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4365. A mixture produced from a poirion of a coal formation, comprising: 

15 non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1; 

wherein the non-condensable hydrocarbonMurther comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
20 condensable hydrocarbons, comprising: \ 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated Hydrocarbons; 

olefins, wherein less than about 10 % by weight oiUhe condensable 
hydrocarbons comprises olefins; and \ 
25 aromatic compounds, wherein greater than about 20 % K>y weight of the 

condensable hydrocarbons comprises aromatic compounds. \ 

4366. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons ranges from about 0.001 to about 0.15. \ 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comfcfise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic b&sis, of the condensable hydrocarbons is nitrogen. 

4368. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygerk and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the\ondensable hydrocarbons is oxygen. 
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4369. The mixture of claim 4365, wherein the condensable hydrocarbons further 
10 comprise sulfur, and whereimless than about 1 % by weight, when calculated on an 

atomic basis, of the condensable^hydrocarbons is sulfur. 

4370. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

15 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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4371 . The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % byVeight of the condensable 
20 hydrocarbons comprises multi-ring aromatics with more thaktwo rings. 
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4372. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein less than about 0.3 % by weight of the cona^nsable 
hydrocarbons are asphaltenes. 

4373. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the N 
condensable hydrocarbons are cycloalkanes. 
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4374. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 % by volume and less than about 
80^o by volume of the non-condensable hydrocarbons. 

4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about o))5 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4377. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 1 5 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. \ 

4378. The mixture of claim 4365, wherein atfout 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. \ 

4379. The mixture of claim 4365, wherein about 0. 1 °Xto about 2 % by weight of the 
condensable hydrocarbons comprises olefins. \ 

4380. The mixture of claim 4365, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. \ 

438 1 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. \ 

4382. A mixture produced from a portion of a coal formation, comprising: \ 
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\ condensable hydrocarbons, wherein less than about 5 % by weight of the 
condehsable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25\ 

wher&n the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hyorocarbons comprises oxygenated hydrocarbons; 

olefins/wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4383. The mixture of claim 4382, whereinvthe non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon numbers frorn 2 through 4, to methane, is greater 
than approximately 1 . AA 

4384. The mixture of claim 4382, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. \ 

4385. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. \ 

4386. The mixture of claim 4382, wherein the condensable hydrocarbons furtheX 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on ak 
atomic basis, of the condensable hydrocarbons is oxygen. \ 
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4387. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic^basis, of the condensable hydrocarbons is sulfur. 

5 4388. The mixture of claim 4382, wherein the condensable hydrocarbons further 

comprise oxygeta containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

10 4389. The mixture of clairh 4382, wherein the condensable hydrocarbons further 
comprise multi-ring aromatic^sand wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4390. The mixture of claim 4382, wherein the condensable hydrocarbons further 

15 comprise asphaltenes, and wherein less tW about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. X~\ 

4391 . The mixture of claim 4382, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to atout 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. \ 

4392. The mixture of claim 4382, wherein greater than abcW 1 0 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 

25 4393. The mixture of claim 4382, further comprising ammonia, anoswherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. \ 

4394. The mixture of claim 4382, further comprising ammonia, and wherein\the 
ammonia is used to produce fertilizer. \ 
30 \ 
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4395. The mixture of claim 4382, wherein about 0.1 % to about 5 % by weight of the 
Condensable hydrocarbons comprises olefins. 

4396\ The mixture of claim 4382, wherein about 0.1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 

4397. The mixture of claim 4382, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydroWbons comprises oxygenated hydrocarbons. 

4398. The mixture of daim 4382, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbokatoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 % bVweight to about 15 % by weight of the 

condensable mixture comprises olefins; \ 

oxygenated hydrocarbons, wherein less than about 1 5 % by weight of the 
condensable mixture comprises oxygenated hyatocarbons; and 

asphaltenes, wherein less than about 0.1 % cty weight of the condensable mixture 
comprises asphaltenes. \ 

4400. The mixture of claim 4399, wherein the condensablV mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture haveV carbon number greater 
than approximately 25. \ 

440 1 . The mixture of claim 4399, wherein about 0. 1 % by weight to abbut 5 % by 
weight of the condensable mixture comprises olefins. \ 
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402. The mixture of claim 4399, wherein the condensable mixture further comprises 
ntfn-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethen^and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4403. The miWre of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 
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10 4404. The mixture of clafai 4399, wherein the condensable mixture further comprises 
oxygen, and wherein less than\about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4405. The mixture of claim 4399, wherein the condensable mixture further comprises 
15 sulfur, and wherein less than about 1 % by\weight, when calculated on an atomic basis, of 
the condensable mixture is sulfur. 
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4406. The mixture of claim 4399, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % bV weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 
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4407. The mixture of claim 4399, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 
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4408. The mixture of claim 4399, wherein the condensable mixture fuMier comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4409. The mixture of claim 4399, wherein the condensable mixture further comprises 
Wcloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
con&ensable mixture are cycloalkanes. 

4410. Thesmixture of claim 4399, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
hydrogen, and wlWein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

44 1 1 . The mixture of claim 4399, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4412. The mixture of claim 4399, furthercomprising ammonia, and wherein the 
ammonia is used to produce fertilizer. aA 

4413. The mixture of claim 4399, wherein about OM % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. \ 

4414. A condensable mixture produced from a portion of a soal formation, comprising: 
olefins, wherein about 0. 1 % by weight to about 2 % by Veight of the 

condensable mixture comprises olefins; \ 

multi-ring aromatics, wherein less than about 2 % by weight oMie condensable 

mixture comprises multi-ring aromatics with more than two rings; and \ 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 

condensable mixture comprises oxygenated hydrocarbons. \ 

4415. The mixture of claim 4414, further comprising hydrocarbons having a carbon\ 
number of greater than approximately 25, wherein less than about 5 weight % of the > 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 
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44J6. The mixture of claim 4414, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the cohdensable hydrocarbons is nitrogen. 

4417. The mkture of claim 4414, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4418. The mixture of claim 4414, wherein the condensable mixture further comprises 
sulfur, and wherein less thanahout 1 % by weight, when calculated on an atomic basis, of 
the condensable hydrocarbons is^sulfur. 

4419. The mixture of claim 4414, wlwein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols^-^ 

4420. The mixture of claim 4414, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 °Xby weight of the condensable 
mixture are aromatic compounds. \ 

4421 . The mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. \ 

4422. The mixture of claim 4414, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the \ 
condensable hydrocarbons are cycloalkanes. \ 

4423. The mixture of claim 4414, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 
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4\24. The mixture of claim 4414, further comprising ammonia, wherein the ammonia is 
useo\to produce fertilizer. 

4425. Asmixture produced from a portion of a coal formation, comprising: 
non\pndensable hydrocarbons and Fb, wherein greater than about 10 % by 

volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia a&d water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 

4426. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having caMxm numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon nhmbers from 2 through 4, to methane, in the mixture 
is greater than approximately 1. N/""^ 

4427. The mixture of claim 4425, wherein greyer than about 0. 1 % by weight of the 
condensable hydrocarbons, and wherein less than about 1 5% by weight of the 
condensable hydrocarbons are olefins. \ 

4428. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and whereirKa molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4429. The mixture of claim 4425, wherein less than about 1 % by weighywhen 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. \ 

4430. The mixture of claim 4425, wherein less than about 1 % by weight, when \ 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. \ 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4432. The mixture of claim 4425, wherein about 5 % by weight to about 30 % by 
weight of thescondensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4433. The mixture o^claim 4425, wherein greater than about 20 % by weight of the 
condensable hydrocarbon^are aromatic compounds. 

4434. The mixture of claim 4425, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4435. The mixture of claim 4425, whereindess than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. XT~^ 

4436. The mixture of claim 4425, wherein about 5 % s by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanek. 

4437. The mixture of claim 4425, wherein the H 2 is less than\bout 80 % by volume of 
the non-condensable hydrocarbons and H2. \ 

4438. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. \ 

4439. The mixture of claim 4425, wherein the ammonia is used to produce fertilizer. 

4440. The mixture of claim 4425, wherein less than about 5 % of the condensable \ 
hydrocarbons have carbon numbers greater than 25. 
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4441. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 15 % by weight of the condensable hydrocarbons 
comprise oWins. 

4442. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less^han about 10 % by weight of the condensable hydrocarbons 
comprise olefins. \ 

4443. The mixture of claim 4425>wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and whereih greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4444. The mixture of claim 4425, wherein the\ondensable hydrocarbons further 
comprise nitrogen containing compounds. fVA 

4445. A method of treating a coal formation in situ coWirising providing heat from 
three or more heat sources to at least a portion of the formation, wherein three or more of 
the heat sources are located in the formation in a unit of heat sources, and wherein the 
unit of heat sources comprises a triangular pattern. \ 

4446. The method of claim 4445, wherein three or more of the heat sources are located 

in the formation in a plurality of the units, and wherein the plurality of u&its are repeated 

\ - y 

over an area of the formation to form a repetitive pattern of units. \ 

4447. The method of claim 4445, wherein three or more of the heat sources arMocated 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of neat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is \ 
less than approximately 5. \ 
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4448. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area\f the formation to form a repetitive pattern of units, wherein three or more 
productionVells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. 

4449. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to foma a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located in the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 

4450. The method of claim 4445, wherein tW^ee or more of the heat sources are located 
in the formation in a plurality of the units, whereita the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 
the plurality of units, wherein the three or more productiorKwells are located in the 
formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wellsWe located in the 
formation in a unit of injection wells, wherein the unit of injection Wlls comprises a 
second triangular pattern, and wherein the first triangular pattern is substantially different 
than the second triangular pattern. \ 

445 1 . The method of claim 4445, wherein three or more of the heat sources ark located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more \ 
monitoring wells are located within an area defined by the plurality of units, wherein the 
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ahree or more monitoring wells are located in the formation in a unit of monitoring wells, 
ami wherein the unit of monitoring wells comprises a triangular pattern. 

4452. T^he method of claim 4445, wherein a production well is located in an area 
defined by che unit of heat sources. 

4453. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and whereinsthe first unit is inverted with respect to the second unit. 

4454. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources varies by Rsss than about 20 %. 

4455. The method of claim 4445, wherbin a distance between each of the heat sources in 
the unit of heat sources is approximately eqWk^j 

4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing^eat to at least the portion of the 
formation. \ 

4457. The method of claim 4445, wherein the heated portiok comprises a substantially 
uniform temperature distribution. \ 

4458. The method of claim 4445, wherein the heated portion comprises a substantially 
uniform temperature distribution, and wherein a difference between a Highest temperature 
in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. \ 

4459. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern are \ 
approximately equal. \ 
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160. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wherein the initial period of time 
comprises less than approximately 3 months. 



446 1 . The method of claim 4445, wherein a time required to increase an average 
temperature of the neated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 

10 of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space betweenseach of the heat sources in the triangular pattern is 
approximately equal to a space Between each of the heat sources in the hexagonal pattern. 

4462. The method of claim 4445, wlWein a time required to increase a temperature at a 
15 coldest point within the heated portion ttra selected temperature with the triangular 

pattern of heat sources is substantially less tn^n a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal to a space be^yeen each of the heat sources in 
20 the hexagonal pattern. 



4463. The method of claim 4445, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
25 at the coldest point within the heated portion to the selected temperature\with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit arekin the 
triangular pattern is equal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. 

30 4464. The method of claim 4445, wherein a time required to increase a temperature^: a 
coldest point within the heated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at tft& coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a space between each of the heat 
sources in the hexagonal pattern. 

4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the pbrtion of formation comprises: 

heating a selected\olume (V) of the coal formation from three or more of the heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein heat from 
three or more of the heat sources pyrolyzes at least some hydrocarbons within the 
selected volume of the formation\and 

wherein heating energy/day\rovided to the volume is equal to or less than Pur, 
wherein Pwr is calculated by the equaton: 

Pwr = h * K*C V *p B ^aV 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and whfcrein the heating rate is less than about 
10°C/day. \ 

4466. The method of claim 4445, wherein three or moresof the heat sources comprise 
electrical heaters. \ i 



4467. The method of claim 4445, wherein three or more of the he^t sources comprise 
surface burners. \ 

4468. The method of claim 4445, wherein three or more of the heat sources comprise 
flameless distributed combustors. \ 

4469. The method of claim 4445, wherein three or more of the heat sources comprise 
natural distributed combustors. \ 




850 



Conley, Rose & Tayon. PC. 



'J 



4470\ The method of claim 4445, further comprising: 

allowing^he heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
producing a mixture of fluids from the formation. 
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4471 . The method of cikim 4470, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

10 pressure. 

4472. The method of claim 4470, furtli&r comprising controlling the heat such that an 
average heating rate of the selected section^ less than about 1 .0° C per day during 
pyrolysis. 

15 

4473. The method of claim 4470, wherein alio wink the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. 

20 4474. The method of claim 4470, wherein providing heat frork three or more of the heat 
sources to at least the portion of the formation comprises heatingihe selected section 
such that a thermal conductivity of at least a portion of the selected section is greater than 
about 0.5 W/m °C. 



25 4475. The method of claim 4470, wherein the produced mixture comprises^ API 
gravity of at least 25°. 



4476. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 
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4477. The method of claim 4470, wherein the produced mixture comprises non- 
conder^sable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4478. The merhod of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, andVherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4479. The method of claim 4^70, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

4480. The method of claim 4470, whereikthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur NrS 

448 1 . The method of claim 4470, wherein the produasd mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 \by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, andVherein the oxygen 
containing compounds comprise phenols. \ 

4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

4483. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable \ 
hydrocarbons comprises multi-ring aromatics with more than two rings. \ 
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t484. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. 

5 4485. TheSiiethod of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons^id wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4486. The method of claim 4470, wherein the produced mixture comprises a non- 
10 condensable component, Vherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

15 4487. The method of claim 4470, whVein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % b)\weight of the produced mixture is ammonia. 

4488. The method of claim 4470, wherein th\produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 

4489. The method of claim 4470, further comprising\pntrolling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein^ partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 

25 4490. The method of claim 4470, further comprising altering aWssure within the 
formation to inhibit production of hydrocarbons from the formatior^having carbon 
numbers greater than about 25. 



449 1 . The method of claim 4470, further comprising controlling formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 
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4492. The method of claim 4470, further comprising: 

\providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within thfe section; and 

heating a portion of the section with heat from hydrogenation. 

4493. The method of claim 4470, further comprising: 
producing hydrogen from the formation; and 

hydrogenating\ portion of the produced condensable hydrocarbons with at least a 
portion of the produced nydrogen. 

4494. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4495. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

4496. The method of claim 4470, further comprising controlling the heat from three of 
more heat sources to yield greater than about 60 % by Veight of condensable 
hydrocarbons, as measured by Fischer Assay. \ 

4497. The method of claim 4470, wherein producing the mixrure comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

4498. The method of claim 4470, further comprising providing heat frVn three or more 
heat sources to at least a portion of the formation, wherein three or more oixhe heat 
sources are located in the formation in a unit of heat sources, and wherein the\unit of heat 
sources comprises a triangular pattern. \ 



854 



Conley, Rose & Tayon. P C. 



4%99. The method of claim 4470, further comprising providing heat from three or more 
heat shurces to at least a portion of the formation, wherein three or more of the heat 
sources allocated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4500. A method for iK situ production of synthesis gas from a coal formation, 
comprising: \ 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated^ection of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 
and \ 

removing synthesis gas from the formation. 

4501. The method of claim 4500, wherein the permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient t\allow synthesis gas generation 
within the formation is achieved. \ 

4502. The method of claim 4500, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximate ly\l 200 °C. 

4503. The method of claim 4500, further comprising heating the sectioiWien providing 
the synthesis gas generating fluid to inhibit temperature decrease in the section due to 
synthesis gas generation. \ 

4504. The method of claim 4500, wherein heating the section comprises convecting^an 
oxidizing fluid into a portion of the section, wherein the temperature within the section\s 
above a temperature sufficient to support oxidation of carbon within the section with the N 
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Widizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heatVithin the section. 

4505. The rnethod of claim 4504, wherein the oxidizing fluid comprises air. 

4506. The methochof claim 4505, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature belo\v a temperature sufficient to produce oxides of nitrogen 
compounds. \ 

4507. The method of claim 4500,Vherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjaomt to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, wherein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesissgas generating fluid to the 
section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. \ 

45 10. The method of claim 4500, further comprising controlling the Beating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gasK 

45 1 1 . The method of claim 4500, further comprising: \ 
monitoring a composition of the produced synthesis gas; and \ 
controlling heating of the section and provision of the synthesis gas generating, 

fluid to maintain the composition of the produced synthesis gas within a selected rangeX 
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45 12. The method of claim 45 1 L wherein the selected range comprises a ratio of H 2 to 
COof about 2:1. 

4513. Ttte method of claim 4500, wherein the synthesis gas generating fluid comprises 
liquid water. 

45 14. The methochpf claim 4500, wherein the synthesis gas generating fluid comprises 
steam. 
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10 45 1 5. The method of claim\4500, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, andVherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the section. 

45 1 6. The method of claim 45 1 5, wherein a portion of the carbon dioxide within the 
15 synthesis gas generating fluid comprises cafcbon dioxide removed from the formation. 



20 



45 1 7. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon\(ioxide reacts with carbon in the 
formation to generate carbon monoxide. 

45 1 8. The method of claim 45 1 7, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removeUfrom the formation. 

45 19. The method of claim 4500, wherein providing the synthesis gaXeenerating fluid 
to the section comprises raising a water table of the formation to allow wat^r to flow into 
the section. 



4520. The method of claim 4500, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
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promote production of the synthesis gas wherein the synthesis gas has a selected 
^composition. 

4521. \The method of claim 4520, wherein the substantially constant temperature is 
about 700\°C. and wherein the selected composition has a H2 to CO ratio of about 2: 1. 

4522. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocark)ns having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H2 
concentration of the generated synthesis gas. 

4523. The method of claim 4500vwherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react withiiMie section to increase an energy content of the 
synthesis gas removed from the formation. 

4524. The method of claim 4500, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. \ 

4525. The method of claim 4500, further comprising generating electricity from the 
synthesis gas using a fuel cell. \ 

4526. The method of claim 4500, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section Vf the 
formation. \ 

4527. The method of claim 4500, further comprising using a portion of the synthesis gas 
as a combustion fuel to heat the. formation. \ 
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4528. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

5 4529. Th\method of claim 4500, further comprising converting at least a portion of the 
produced synopsis gas to methanol. 
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4530. The method \f claim 4500, further comprising converting at least a portion of the 
produced synthesis gas\p gasoline. 

453 1 . The method of claim\500, further comprising converting at least a portion of the 
synthesis gas to methane using asptalytic methanation process. 

4532. The method of claim 4500, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un\of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4533. The method of claim 4500, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wher&n three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 4534. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portic^i of the 
formation; 

allowing the heat to transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion-and to increase a temperature\f the 
30 portion to a temperature sufficient to allow synthesis gas generation; 
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\ providing a synthesis gas generating fluid to at least the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

\obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the Formation; and 

producing synthesis gas from the formation. 

4535. The method of claim 4534, wherein the temperature sufficient to allow synthesis 
gas generation is within\range from about 400 °C to about 1200 °C. 

4536. The method of claim 45S4, further comprising using a second portion of the 
separated carbon dioxide as a floooirig agent to produce hydrocarbon bed methane from a 
coal formation. \ 

4537. The method of claim 4536, wherein the coal formation is a deep coal formation 
over 760 m below ground surface. V^l 

4538. The method of claim 4536, wherein the coal formation adsorbs some of the 
carbon dioxide to sequester the carbon dioxide. \ 

4539. The method of claim 4534, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4540. The method of claim 4534, wherein the synthesis gas generating nuid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at feast a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. \ 

4541. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a \ 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 



860 



Conley, Rose & Tayon, P C. 



4542. The method of claim 4534, further comprising maintaining a pressure within the 
fbqnation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4543. The mfetiiod of claim 4534, further comprising generating electricity from the 
synthesis gas using, a fuel cell. 

4544. The method of ckim 4534, further comprising generating electricity from the 
synthesis gas using a fuel ckll, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. \ 

4545. The method of claim 4534, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4546. The method of claim 4534, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. \ 

4547. The method of claim 4534, further comprising converting at least a portion of the 
produced synthesis gas to methanol. \ 

4548. The method of claim 4534, further comprising converting at Wst a portion of the 
produced synthesis gas to gasoline. \ 

4549. The method of claim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. \ 
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4550. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

455 1 . Tn^method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is m&iitained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 
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4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at aHemperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximately 2. 

4553. The method of claim 4534, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. 

4554. The method of claim 4534, wherein a)^at source of the one or more heat sources 
comprises a natural distributor heater. 



4555. The method of claim 4534, wherein a heat source of the one or more heat sources 
20 comprises a flameless distributor combustor (FDC) heate\ and wherein fluids are 

produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 

4556. The method of claim 4534, further comprising providing hekt from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and whereV the unit of heat 
sources comprises a triangular pattern. 

4557. The method of claim 4534, further comprising providing heat from thrtee or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



a 



58. A method of in situ synthesis gas production, comprising: 

providing heat from one or more flameless distributed combustor heaters to at 
least a firat portion of a coal formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation subh that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
10 section to a temperature^ufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the selected section to generate 
synthesis gas; and 

removing synthesis gas frbm the formation. 

15 4559. The method of claim 4558, whefcein the one or more heaters comprise at least two 
heaters, and wherein superposition of heanrom at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

20 4560. The method of claim 4558, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity fro^n the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 



4561 . The method of claim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected sectiop to the 
temperature sufficient to generate synthesis gas. 



30 



4562. The method of claim 4558, further comprising separating a portion ofsearbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within^ spent 
portion of the formation. 
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4563. The method of claim 4558, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
sp^t portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 

4564. The mfethod of claim 4558, further comprising separating a portion of H2 from the 
removed synthesis gas; and using a portion of the separated H2 as fuel for the one or more 
heaters. \ 

4565. The method of c lain* 4564, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 

4566. The method of claim 4558, rarther comprising using a portion of the removed 
synthesis gas with a fuel cell to generat\electricity. 

4567. The method of claim 4566, wherein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4568. The method of claim 4566, wherein the fuel ceH produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced intoNthe formation to react with 
carbon within the formation to produce carbon monoxide. \ 

4569. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon dioxide produced by the fuel cell. \ 

4570. The method of claim 4558, further comprising using a portion of theVemoved 
synthesis gas as a feed product for formation of hydrocarbons. \ 
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4571. The method of claim 4558, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
withinXhe formation to increase an amount of H 2 within the generated synthesis gas. 

4572. The method of claim 4558, further comprising providing heat from three or more 
heat sources to abJeast a portion of the formation, wherein three or more of the heat 
sources are located rn the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4573. The method of claim\558, further comprising providing heat from three or more 
heat sources to at least a portioirof the formation, wherein three or more of the heat 
sources are located in the formatiomin a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern\nd wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4574. A method of treating a coal formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 
temperature sufficient to pyrolyze hydrocarbons withinsthe portion; 
producing pyrolyzation fluid from the formation; \ 
separating a fuel cell feed stream from the pyrolyzation fluid; and 
directing the fuel cell feed stream to a fuel cell to produce electricity; 

4575. The method of claim 4574, wherein the fuel cell is a molten carbonate fuel cell. 

4576. The method of claim 4574, wherein the fuel cell is a solid oxide fuel cell. 

4577. The method of claim 4574, further comprising using a portion of the produced 
electricity to power the electrical heaters. \ 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 

5 4579. The method of claim 4574, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 5. 
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4580. The method of ciaim 4574, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. 

458 1 . The method of claim 45 7\ further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 



4582. The method of claim 4574, whereh^ the hydrogenation is done in situ by directing 
15 the H? into the formation. 



4583. The method of claim 4574, wherein the hydrogenation is done in a surface unit. 

4584. The method of claim 4574, further comprising directing hydrocarbon fluid having 
20 carbon numbers less than 5 adjacent to at least one of the elekrical heaters, cracking a 

portion of the hydrocarbons to produce H 2 , and producing a porci^n of the hydrogen from 
the formation. 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 
25 adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 

the at least one of the electrical heaters with the oxidizing fluid. 
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4586. The method of claim 4574, further comprising storing CO2 from the fuel cejl 
within the formation. 
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4587. The method of claim 4586, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

4588. The method of claim 4574, further comprising cooling the portion to form a spent 
portion of formation. 

4589. The methockof claim 4588, wherein cooling the portion comprises introducing 
water into the portion \o produce steam, and removing steam from the formation. 

4590. The method of clainr4589, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4591 . The method of claim 4589, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid m a second portion of the formation. 

4592. The method of claim 4574, further comprising: 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of the pyrolyzation fluids; \ 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
gas; and \ 

removing a portion of the synthesis gas from the formation. 

4593. The method of claim 4592, further comprising producing the^synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. \ 

4594. The method of claim 4592, further comprising using a first portion of tne removed 
synthesis gas as fuel cell feed. \ 

4595. The method of claim 4592, further comprising producing steam from operatioi^pf 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. \ 
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The method of claim 4592. further comprising using carbon dioxide from the fuel 
a part of the synthesis gas producing fluid. 



4597. Tnfesmethod of claim 4592. further comprising using a portion of the synthesis gas 
to produce hydrocarbon product. 
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4598. The method oi^laim 4592. further comprising cooling the portion to form a spent 
portion of formation. 

10 

4599. The method of claim 459&swherein cooling the portion comprises introducing 
water into the portion to produce steahh and removing steam from the formation. 

4600. The method of claim 4599. further comprising using a portion of the removed 
15 steam to heat a second portion of the formations 
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4601 . The method of claim 4599, further comprising\using a portion of the removed 
steam as a synthesis gas producing fluid in a second porcion of the formation. 

20 4602. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein threeNDr more of the heat 
sources are located in the formation in a unit of heat sources, and wjierein the unit of heat 
sources comprises a triangular pattern. 
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4603. The method of claim 4574, further comprising providing heat fronkthreeor more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4604. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

\ providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the ^formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing p\T^lysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas: \ 

providing a synthesis gas^eenerating fluid to at least the portion of the selected 
section to generate synthesis gas: and 

producing a portion of the syntn&sis gas from the formation. 

4605. The method of claim 4604. wherein th\pne or more heat sources comprise at 
least two heat sources, and wherein superposition^ heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withinNthe selected section of the 
formation. \ 

4606. The method of claim 4604, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substanti^ly uniformly increase a 
permeability of the selected section. \ 

4607. The method of claim 4604, further comprising controlling heat tnuisfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. \ 

4608. The method of claim 4604. further comprising heating at least the portion orahe 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. \ 
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4609. The method of claim 4604, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4610\The method of claim 4604-/ wherein heating at least the portion of the selected 
section tc^a temperature sufficient to allow synthesis gas generation comprises: 

heatmc zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wdlbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures, sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing iluid; 

introducing the oxioizing fluid to the zones substantially by diffusion; 

allowing the oxidizing iluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

461 1 . The method of claim 4604, whereiiT^heating at least the portion of the selected 
section to a temperature sufficient to ahmv synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 

selected section, wherein the portion of the selected sectrtm is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; a^d 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. \ 

4612. The method of claim 4604, wherein the one or more heat sourcesseomprise one or 
more electrical heaters disposed in the formation. \ 

461 3. The method of claim 4604, wherein one or more heat sources comprise o^e or 
more heater wells, wherein at least one heater well comprises a conduit' disposed witfiin 
the formation, and further comprising heating the conduit by flowing a hot fluid throiMi 
the conduit. \ 
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s4614. The method of claim 4604 ; wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducW steam into the portion. 

461 5. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperaturbywithin at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

461 6. The method of claim 46(H, further comprising: 
monitoring a composition orthe produced synthesis gas; and 

controlling heating of at least tn& portion of selected section and provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. /CNi 

461 7. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
liquid water. \ 

461 8. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
steam. \ 

461 9. The method of claim 4604, wherein the synthesis gas generating^uid comprises 
water and carbon dioxide ; wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. \ 

4620. The method of claim 4619, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formationX 
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462 1 . The method of claim 4604, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4622. The method of claim 462 1 . wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4623. The method ofs:laim 4604 ; wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow-* water to rkw into the at least the portion of the selected section. 

4624. The method of claim 4604/wherein the synthesis gas generating fluid comprises 
w T ater and hydrocarbons having carboh numbers less than 5. and wherein at least a 
portion of the hydrocarbons are subjecteckto a reaction within at least the portion of the 
selected section to increase a H: concentratiW**ithin the produced synthesis gas. 

4625. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4. and wherein at least a 
portion of the hydrocarbons react within at least the porHpn of the selected section to 
increase an energy content of the produced synthesis gas. \ 

4626. The method of claim 4604 ; further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. \ 

4627. The method of claim 4604. further comprising generating electricity^from the 
synthesis gas using a fuel cell. \ 

4628. The method of claim 4604. further comprising generating electricity from the, 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cfell 
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and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4629. nie method of claim 4604. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4630. The methoR of claim 4604. further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. \ 

463 1 . The method of claim 4604 ; further comprising converting at least a portion of the 
produced synthesis gas to methanol 

4632. The method of claim 4604 ; further comprising converting at least a portion of the 
produced synthesis gas to gasoline. \a . 

4633. The method of claim 4604, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanati on process. 

4634. The method of claim 4604. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein threes or more of the heat 
sources are located in the formation in a unit of heat sources, andVherein the unit of heat 
sources comprises a triangular pattern. \ 

4635. The method of claim 4604. further comprising providing heat from\three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. \ 
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4636. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

\heating a first portion of the formation to pyrolyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from one or more heat sources to a selected section 
of the formation. 

pyrolyzin^rbydrocarbons within the selected section; 

producing fluui from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; \ 

introducing at least a portion of the aqueous fluid to the second section after the 
section reaches the temperature suffibient to allow synthesis gas generation: and 
- producing synthesis gas from thkformation. 

4637. The method of claim 4636 ; wherein thSNtemperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °Csto approximately 1200 °C. 

4638. The method of claim 4636 5 further comprising Separating ammonia within the 
aqueous phase from the aqueous phase prior to introduction of at least the portion of the 
aqueous fluid to the second section. \ 

4639. The method of claim 4636 ; wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidaixy when the 
temperature sufficient to allow synthesis gas generation is achieved. \ 

4640. The method of claim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the\econd 
section to inhibit temperature decrease in the second section due to synthesis gas\ 
generation. \ 
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464 s ! . The method of claim 4636. wherein heating the second portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the portion to generate 
heat within the ^portion. 

4642. The method oKclaim 4636. wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon\vvithin the reaction zones to generate heat, and transferring 
the heat to the second portionX 

4643. The method of claim 4636. wherein heating the second portion of the formation 
comprises heating the second section byHransfer of heat from one or more electrical 
heaters. X~fr 

4644. The method of claim 4636, wherein heatin^the second portion of the formation 
comprises heating the second section with a flamelesssdistributor combustor. 

4645. The method of claim 4636. wherein heating the second portion of the formation 
comprises injecting steam into at least the portion of the formation. 

4646. The method of claim 4636. wherein at least a portion of the aaueous fluid 
comprises a liquid phase. \ 

4647. The method of claim 4636, wherein the aqueous fluid comprises a vatoor phase. 

4648. The method of claim 4636, further comprising adding carbon dioxide to aNleast 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. \ 
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464\ The method of claim 4648, wherein a portion of the carbon dioxide comprises 
carbon oioxide removed from the formation. 

4650. The m&hod of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less thak 5 to at least the portion of the aqueous fluid to increase a H: 
concentration withi\the produced synthesis gas. 

465 1 . The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at leasUhe portion of the aqueous fluid to increase a H: 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid. \ 

4652. The method of claim 4636, furthekcomprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid toNincrease energy content of the produced 
synthesis gas. / \ 1 

4653. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase erWgy content of the produced 
synthesis gas. wherein the hydrocarbons are obtained fronrthe produced fluid. 

4654. The method of claim 4636, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. \ 

4655. The method of claim 4636, further comprising generating electricityNrom the 
synthesis gas using a fuel cell. \ 

4656. The method of claim 4636, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuelVell. 
and storing a portion of the separated carbon dioxide within a spent portion of the \ 
formation. > 
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4657. The method of claim 4636. further comprising using a portion of the synthesis gas 
as N a s bombustion fuel for the one or more heat sources. 



5 4658. The fnethod of claim 4636, further comprising converting at least a portion of the 
produced syntn^is gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. \ 

4659. The method of claim 4636, further comprising converting at least a portion of the 
10 produced synthesis gas to methanol. 

4660. The method of claim 4636, ibrther comprising converting at least a portion of the 
produced synthesis gas to gasoline. \ 

15 4661 . The method of claim 4636, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic metlwiation process. 

4662. The method of claim 4636, further comprisin^providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources and wherein the unit of heat 
sources comprises a triangular pattern. \ 

4663. The method of claim 4636, further comprising providing he^from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein theViit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. \ 

4664. A method for in situ production of synthesis gas from a coal formation. \ 
30 comprising: \ 
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\ heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; \ 

. providing^ synthesis gas generating fluid into the portion through at least one 
injection wellbore t^generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and \ 

producing synthesis gas from at least one heat source wellbore in which is 
positioned proximate to a heat sburce of the one or more heat sources. 

4665. The method of claim 4664. wn&rein the temperature sufficient to allow synthesis 
gas generation is within a range from aboht400° C to about 1200 °C 

4666. The method of claim 4664 ; wherein creating a substantially uniform permeability 
comprises heating the portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperance within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and renWing a portion of pyrolyzed 
fluid from the formation. \ 

4667. The method of claim 4664, further comprising removing fluid from the formation 
through at least the one injection wellbore prior to heating the selectee! section to the 
temperature sufficient to allow synthesis gas generation. \ 

4668. The method of claim 4664, wherein the injection wellbore comprises aswellbore 
of a heat source in which is positioned a heat source of the one or more heat sources. 

4669. The method of claim 4664, further comprising heating the selected portion duntag 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 
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^4670. The method of claim 4664 ; farther comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by converting 
an oxidising fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbohs and generate heat. 

4671 . The method of claim 4664 ; further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
temperature within the sbJected section above the temperature sufficient to generate 
synthesis gas. \ 

4672. The method of claim 4664>iurther comprising: 
monitoring a composition office produced synthesis gas; and 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the produced synthesis gas within a 
desired range. /^\f) 

4673. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
liquid water. - \ 

4674. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
steam. \ 

4675. The method of claim 4664, wherein the synthesis gas generative fluid comprises 
steam to heat the selected section and to generate synthesis gas. \ 

4676. The method of claim 4664 ; wherein the synthesis gas generating fluickcomprises 
water and carbon dioxide. \ 

4677. The method of claim 4676, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. \ 
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4678. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
carboh dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formationsto generate carbon monoxide. 

4679. The method of claim 4678, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4680. The method of claiih 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 
enter the selected section. \ 

468 1 . The method of claim 4664, whefein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons undergo a reactioh within the selected section to increase a 
H 2 concentration within the produced synthesis g^TN 

4682. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4 ; and wherein at least a 
portion of the hydrocarbons react within the selected sectionHo increase an energy 
content of the produced synthesis gas. \ 

4683. The method of claim 4664, further comprising maintaining aVessure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. \ 

4684. The method of claim 4664, further comprising generating electricity from the 
synthesis gas using a fuel cell. \ 

4685. The method of claim 4664, further comprising generating electricity' from they 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel tell. 
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and storing a portion of the separated carbon dioxide within a spent portion of the 
lation. 

4686. The method of claim 4664, further comprising using a portion of the synthesis gas 
5 as a combusHon fuel for heating the formation. 
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4687. The methodspf claim 4664, further comprising converting at least a portion of the 
produced synthesis ga^to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

10 

4688. The method of claim 4&64, further comprising converting at least a portion of the 
produced synthesis gas to methane 

4689. The method of claim 4664. further comprising converting at least a portion of the 
15 produced synthesis gas to gasoline. 

4690. The method of claim 4664, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



20 4691 . The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of to carbon monoxide of greater than about 2. 

4692. The method of claim 4664, wherein a temperature of at least the one heat source 
25 wellbore is maintained at a temperature of greater than approximately 700 °C to produce 

a synthesis gas having a ratio of to carbon monoxide of less than aEvout 2. 

4693. The method of claim 4664, wherein a temperature of at least the onfc heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce ^synthesis 

30 gas having a ratio of H: to carbon monoxide of approximately 2. 
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4694. The method of claim 4664. wherein a heat source of the one or more heat sources 
comprises an electrical heater. 

469\ The method of claim 4664, wherein a heat source of the one or more heat sources 
5 compmes a natural distributor heater. 
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4696. The method of claim 4664. wherein a heat source of the one or more heat sources 
comprises a flambless distributor combustor (FDC) heater, and wherein fluids are 
produced from the w^llbore of the FDC heater through a conduit positioned within the 

10 wellbore. 

4697. The method of claim 4)S64. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation hi a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular pattern. 

4698. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of he&t sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein ^plurality of the units are repeated 
over an area of the formation to form a repetitive pattens of units. 
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4699. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least^ portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat soVces pyrolyzes at 
least a portion of hydrocarbon material within the selected section of the formation: 

producing pyrolysis products from the formation; 

heating a first portion of a formation with one or more heat sources to a\ 
temperature sufficient to allow generation of synthesis gas; 
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\ providing a first synthesis gas generating fluid to the first portion to generate a 
firsf^synthesis gas; 

removing a portion of the first synthesis gas from the formation; 

heaUng a second portion of a formation with one more heat sources to a 
5 temperature simkient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 tosCO ratio of the first synthesis gas; 

providing a secfcmd synthesis gas generating component to the second portion to 
generate a second synthesis gas: 

removing a portion oMhe second synthesis gas from the formation; and 
10 blending a portion of th^first synthesis gas with a portion of the second synthesis 

gas to produce a blended synthesis\as having a selected H2 to CO ratio. 

4700. The method of claim 4699, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superpo$ition of heat from at least the two heat 

1 5 sources pyrolyzes at least some hydrocarbons \vithin the selected section of the 
formation. l\4 

4701 . The method of claim 4699 ? wherein the first syrttfiesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 

20 \ 

4702. The method of claim 4699 ; further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. \ 

4703. The method of claim 4699, further comprising controlling the tertyperature in the 
25 second portion to control a composition of the second synthesis gas. \ 

4704. The method of claim 4699. wherein the selected ratio is controlled to be \ 
approximately 2:1 H2 to CO. \ 

30 4705. The method of claim 4699 ; wherein the selected ratio is controlled to range frorn^ 
approximately 1.8:1 to approximately 2.2:1 H2to CO. 
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4706. The method of claim 4699, wherein the selected ratio is controlled to be 
^approximately 3:1 thto CO. 

4707. \he method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 Hito CO. 

4708. The methodW claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 

4709. The method of claim 470Kwherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsclvprocess. 

4710. The method of claim 4709, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distHlates. 

471 1 . The method of claim 4699 ; further comprisin^providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 

4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process t\produce methanol. 

4713. The method of claim 4699, further comprising providing at least^a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, whereika 
temperature of the production well adjacent to a second syntheses gas production zone\is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H 2 to CO ratio greater the first synthesis gas. 
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4745. The method of claim 4699 : wherein the first synthesis gas producing fluid 
comprises C0 2 and wherein the temperature of the first portion is at a temperature that 
will resuk in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 

471 6. The methcXof claim 4699, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5. and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H2 
concentration within the proceed second synthesis gas. 

471 7. The method of .claim 4699Wherein blending a portion of the first synthesis gas 
with a portion of the second synthesiWas comprises producing an intermediate mixture 
having a H 2 to CO mixture of less than W selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an amomit of CO and increase an amount of H 2 to 
produce the selected ratio of H? to CO. 

471 8. The method of claim 4699, further comprising removing an excess of first 
synthesis gas from the first portion to have an excess ofCO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H 2 before 
blending the first synthesis gas with the second synthesis gas\ 

47 1 9. The method of claim 4699, further comprising removing theSfirst synthesis gas 
from the formation under pressure, and passing removed first synthesi\gas through a 
turbine to generate electricity. \ 

4720. The method of claim 4699, further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. \ 
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V721 . The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4722. Jshe method of claim 4699. further comprising generating electricity from the 
blended syhthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 
the formation. \ 

4723. The method ofclaim 4699, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4724. The method of claim 469\further comprising allowing the heat to transfer from 
the one or more heat sources to the sbJected section to substantially uniformly increase a 
permeability of the selected section. V-^ 

4725. The method ofclaim 4699, further coWrising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. \ 

4726. The method ofclaim 4699, further comprising hewing at least the portion of the 
selected section when providing the synthesis gas generating^iluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4727. The method ofclaim 4699, wherein the temperature sufficierttto allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C 

4728. The method ofclaim 4699, wherein heating the first a portion of theVlected 
section to a temperature sufficient to allow 7 synthesis gas generation comprises\ 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures hf the 
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s zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

\introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4729. The method acclaim 4699. wherein heating the second portion of the selected 
section to a temperaturesufficient to allow synthesis gas generation comprises: 

heating zones adjaceht to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wheram the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid: f NA 

introducing the oxidizing fluid to the zones substantially by diffusion: 
allowing the oxidizing fluid to react wrth at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4730. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation througnva wellbore; 

transporting the oxidizing fluid substantially by convection Vnto the first portion 
of the selected section, wherein the first portion of the selected sectiomis at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and\ 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. \ 

473 1 . The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: \ 

introducing an oxidizing fluid into the formation through a wellbore; ^ 
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transporting the oxidizing fluid substantially by convection into the second 
portionW the selected section, wherein the second portion of the selected section is at a 
temperatur^sufficient to support an oxidization reaction with the oxidizing fluid; and 
reactink the oxidizing fluid within the second portion of the selected section to 
generate heat ancrraise the temperature of the second portion. 

4732. The method of claim 4699. wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 
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10 4733. The method of claim 469\ wherein the one or more heat sources comprises one 
or more natural distributor combustos; 

4734. The method of claim 4699. whereirKthe one or more heat sources comprise one or 
more heater wells, wherein at least one heaterwell comprises a conduit disposed within 
15 the formation, and further comprising heating thes^onduit by flowing a hot fluid through 
the conduit. 
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4735. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 
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4736. The method of claim 4699 ; wherein heating the second portion orthe selected 
section to a temperature sufficient to allow synthesis gas generation and pro\iding a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 
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4737. The method of claim 4699, further comprising controlling the heating of the fiV^t 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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47j8, The method of claim 4699, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the second portion of the selected section above 
5 the temperatureVifficient to generate synthesis gas. 

4739. The method of\laim 4699, wherein the first synthesis gas generating fluid 
comprises liquid water. 

10 4740. The method of claim 46^, wherein the second synthesis gas generating fluid 
comprises liquid water. 

4741 . The method of claim 4699, whereiXjhe first synthesis gas generating fluid 
comprises steam. 

15 

4742. The method of claim 4699, wherein the secon^synthesis gas generating fluid 
comprises steam. 

4743. The method of claim 4699, wherein the first synthesis g^generating fluid 
20 comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 

carbon dioxide from the selected section. 



4744. The method of claim 4743, wherein a portion of the carbon dioxide wfthin the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 



4745. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 



30 
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47^6. The method of claim 4745, wherein a portion of the carbon dioxide within the 
secon^synthesis gas generating fluid comprises carbon dioxide removed from the 
formation^ 

5 4747. The method of claim 4699, wherein the first synthesis gas generating fluid 

comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4748. The method of claim\4747, wherein a portion of the carbon dioxide within the 
10 first synthesis gas generating fluid comprises carbon dioxide removed from the 

formation. \ 

4749. The method of claim 4699. wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 

1 5 in the formation to generate carbon monoxide^\v, 

4750. The method of claim 4749, wherein a portioirof the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. \ 

20 \ 

475 1 . The method of claim 4699, wherein providing the first syhthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

25 4752. The method of claim 4699, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. \ 

4753. The method of claim 4699, wherein the first synthesis gas generating fluid \ 
30 comprises water and hydrocarbons having carbon numbers less than 5 ? and wherein at \ 
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portion of the hydrocarbons are subjected to a reaction within the first portion of 
ected section to increase a H 2 concentration within the produced first synthesis gas. 

4754. The niethod of claim 4699. wherein the second synthesis gas generating fluid 
5 comprises wateKand hydrocarbons having carbon numbers less than 5 r and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected sectionsto increase a H2 concentration within the produced second 
synthesis gas. \ 

10 4755. The method of claim 469& wherein the first synthesis gas generating fluid 
O comprises water and hydrocarbons having carbon numbers greater than 4. and wherein at 

hU \ 

i?i least a portion of the hydrocarbons react within the first portion of the selected section to 

4* increase an energy content of the produceckfirst synthesis gas. 

I-* [ \ / A 

111 ^-\\ 

4; 1 5 4756. The method of claim 4699 ; wherein the Second synthesis gas generating fluid 

!; * comprises water and hydrocarbons having carbon numbers greater than 4. and wherein at 

•jr j least a portion of the hydrocarbons react within at leasUhe second portion of the selected 

fll section to increase an energy content of the second produis^d synthesis gas. 

ri \ 

its? \ 

M 20 4757. The method of claim 4699, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced bonded synthesis gas 
through a turbine to generate electricity. \ 

4758. The method of claim 4699 ; further comprising generating electricity^from the 
25 blended synthesis gas using a fuel cell. \ 

4759. The method of claim 4699, further comprising generating electricity from th\ 
blended synthesis gas using a fuel celL separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of N 

30 the formation. 
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4760. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4761 . Theinethod of claim 4699. further comprising using a portion of the first 
synthesis gas a^a combustion fuel for the one or more heat sources. 

4762. The method orclaim 4699, further comprising using a portion of the second 
synthesis gas as a combusikm fuel for the one or more heat sources. 

4763. The method of claim 469§L further comprising using a portion of the blended 
synthesis gas as a combustion fuel foi the one or more heat sources. 

4764. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sbipces to at least a portion of the 

formation; vi/ V 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; \ 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; . * \ 

controlling a temperature of at least a portion of the selected sec^on to generate 
synthesis gas having a selected H2 to CO ratio; \ 

providing a synthesis gas generating fluid to at least the portion of thevselected 
section to generate synthesis gas; and \ 

producing a portion of the synthesis gas from the formation. \ 

4765. The method of claim 4764, wherein the one or more heat sources comprise at \ 
least two heat sources, and wherein superposition of heat from at least the two heat \ 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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476& The method of claim 4764. wherein the selected ratio is controlled to be 
approximately 2:1 Fh to CO. 

5 4767. The method of claim 4764. wherein the selected ratio is controlled to range from 
approximately 1)8:1 to approximately 2.2:1 H 2 to CO. 

4768. The method of claim 4764 r wherein the selected ratio is controlled to be 
approximately 3:1 Fhto Cl 

10 

4769. The method of claim 4764Nwherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximatel\^.2:l ILto CO. 

4770. The method of claim 4764. further comprising providing at least a portion of the 
15 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4771 . The method of claim 4770, wherein the condensate hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 



H 20 



4772. The method of claim 4771. further comprising cracking at \ast a portion of the 
condensable hydrocarbons to form middle distillates. 

4773. The method of claim 4764 ; further comprising providing at least a portion of the 
25 produced synthesis gas to a catalytic methanation process to produce methanes 

4774. The method of claim 4764, further comprising providing at least a portion o^the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



30 4775. The method of claim 4764 ; further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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41%. The method of claim 4764. further comprising allowing the heat to transfer from 
the onkor more heat sources to the selected section to substantially uniformly increase a 
permeabiHty of the selected section. 

4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidafcv. 



8,8. 3 
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10 4778. The method of claim 4764, further comprising heating at least the portion of the 
selected section when providing W synthesis gas generating fluid to inhibit temperature 
decrease within the selected section auring synthesis gas generation. 

4779. The method of claim 4764, whereirkhe temperature sufficient to allow synthesis 
15 gas generation is within a range from approximately, 400 °C to approximately 1200 °C. 



III 
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4780. The method of claim 4764, wherein heating aileast the portion of the selected 
section to a temperature sufficient to allow synthesis ga^\generation comprises: 

heating zones adjacent to wellbores of one or more i^eat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbo^ material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 



30 



4781 . The method of claim 4764, wherein heating at least the portion of the select^ 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore: 
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x transporting the oxidizing fluid substantially by convection into the portion of the 
selecteXsection. wherein the portion of the selected section is at a temperature sufficient 
to supporTan oxidization reaction with the oxidizing fluid; and 

reactive the oxidizing fluid' within the portion of the selected section to generate 
5 heat and raise the temperature of the portion. 

4782. The method orvclaim 4764. wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

10 4783. The method of claim 4764- wherein the one or more heat sources comprises one 
or more natural distributor combustore. 

4784. The method of claim 4764. whereik the one or more heat sources comprise one or 
more heater wells, wherein at least one heate\well comprises a conduit disposed within 

15 the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

4785. The method of claim 4764, wherein heating at le^st the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 

20 synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. \ 

4786. The method of claim 4764. further comprising controlling the\heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 

25 maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. \ 

4787. The method of claim 4764. wherein the synthesis gas generating fluid comprises 
liquid water. \ 

30 \ 
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4788. The method of claim 4764, wherein the synthesis gas generating fluid comprises 



4789. Themethod of claim 4764, wherein the synthesis gas generating fluid comprises 
5 water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

dioxide from the selected section. 

4790. The method of claim s 4789, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

10 \ 

4791 . The method of claim 4764. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. ]Cm 

1 5 4792. The method of claim 4791 . wherein a portio\of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxidXremoved from the formation. 

4793. The method of claim 4764, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising aVater table of the 

20 formation to allow water to flow into the at least the portion of the Selected section. 

4794. The method of claim 4764, wherein the synthesis gas generating mnd comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at le^st a 
portion of the hydrocarbons are subjected to a reaction within at least the portiorKof the 

25 selected section to increase a H2 concentration within the produced synthesis gas. \ 

4795. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 

30 increase an energy content of the produced synthesis gas. 
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4796. The method of claim 4764 ; further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4797. The method of claim 4764. further comprising generating electricity from the 
synthesis gasNasing a fuel cell. 

4798. The method of claim 4764 ; further comprising generating electricity from the 
synthesis gas using a fufeJ celL separating carbon dioxide from a fluid exiting the fuel cell 
and storing a portion of the^eparated carbon dioxide within a spent section of the 
formation. \ 

4799. The method of claim 4764. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or moresheat sources. 

4800. A method of treating a coal formation tn situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation: \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one ormore heat sources pyrolyzes at 
least some hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; \ 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; \ 

controlling a temperature in or proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; \ 

providing a synthesis gas generating fluid to at least the portion of the serfceted 
section to generate synthesis gas: and \, 

producing synthesis gas from the formation. 
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1801 . The method of claim 4800. wherein the one or more heat sources comprise at 
leasKtwo heat sources, and wherein superposition of heat from at least the two heat 
sourcesvpyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4802. The method of claim 4800. wherein the selected ratio is controlled to be 
approximately 2:1 HVlo CO. 
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4803. The method of claims4800. wherein the selected ratio is controlled to range from 
10 approximately 1 .8:1 to approximately 2.2: 1 H 2 to CO. 

4804. The method of claim 4800 ; wft^rein the selected ratio is controlled to be 
approximately 3:1 H:to CO. 

15 4805. The method of claim 4800, wherein the\elected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to < 

4806. The method of claim 4800 ; further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
20 condensable hvdrocarbons. 



4807. The method of claim 4806, wherein the condensable hydrocal^on synthesis 
process comprises a Fischer-Tropsch process. 

25 4808. The method of claim 4807 ? further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4809. The method of claim 4800 ; further comprising providing at least a portion of th) 
produced synthesis gas to a catalytic methanation process to produce methane. 



30 
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48 1 0. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

481 1 . Th^method of claim 4800, further comprising providing at least a portion of the 
produced synthfe^is gas to a gasoline-synthesis process to produce gasoline. 

481 2. The method of claim 4800. further comprising allowing the heat to transfer from 
the one or more heat source^o the selected section to substantially uniformly increase a 
permeability of the selected seciion. 

481 3. The method of claim 4800, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. r\X 

4814. The method of claim 4800, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas gtoeration. 

4815. The method of claim 4800, wherein the temperature suffident to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

48 1 6. The method of claim 4800, wherein heating at least the portion ofthe selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperaturesSyf the 
zones to temperatures sufficient to support reaction of hydrocarbon material within thk 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion: 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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481V The method of claim 4800, wherein heating at least the portion of the selected 
section^ a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore: 
transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidising fluid within the portion of the selected section to generate 
heat and raise the temperaturbsof the portion. 

481 8. The method of claim 4800, wterein the one or more heat sources comprise one or 
more electrical heaters disposed in the fomiation. 



m 



4819. The method of claim 4800, wherein the dqe or more heat sources comprises one 
1 5 or more natural distributor combustors. 



20 



4820. The method of claim 4800, wherein the one or mor\heat sources comprise one or 
more heater wells, wherein at least one heater well comprises\conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



25 



4821 . The method of claim 4800, wherein heating at least the portion of ft\e selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section composes 
introducing steam into the portion. 



30 



4822. The method of claim 4800, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4823. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
riquid water. 

4824. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
steam. \ 

4825. The methocrfcf claim 4800, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 

4826. The method of claim 4825 . wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid conWises carbon dioxide removed from the formation. 

4827. The method of claim 4800, wherefn the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. ATA 

4828. The method of claim 4827, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4829. The method of claim 4800, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a w^ter table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4830. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at lea^t a 
portion of the hydrocarbons are subjected to a reaction within at least the portionWthe 
selected section to increase a H2 concentration within the produced synthesis gas. \ 

483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
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portion of the hydrocarbons react within at least the portion of the selected section to 
\mcrease an energy content of the produced synthesis gas. 

4832. \lie method of claim 4800, further comprising maintaining a pressure within the 
5 formation dicing synthesis gas generation, and passing produced synthesis gas through a 

turbine to genei^te electricity. 

4833. The method oHslaim 4800, further comprising generating electricity from the 
synthesis gas using a fuel cdl. 

P 10 \ 

-rj 4834. The method of claim 4800\fiirther comprising generating electricity from the 

% synthesis gas using a fuel cell separating carbon dioxide from a fluid exiting the fuel cell, 

and storing a portion of the separated camcm dioxide within a spent section of the 
m formation. 

( x \ 

4 a 1 5 

pi 4835. The method of claim 4800, further comprisin^using a portion of the synthesis gas 

4= as a combustion fuel for the one or more heat sources. \ 

III \ 

T \ 
H 4836. A method of treating a coal formation in situ, comprising 

20 providing heat from one or more heat sources to at least a portion of the 

formation; , . \ 

allowing the heat to transfer from the one or more heat sources to ^selected 
section of the formation such that the heat from the one or more heat sourcesVTolyzes at 
least some of the hydrocarbons within the selected section of the formation; \ ' 
25 producing pyrolysis products from the formation; \ 

heating at least a portion of the selected section to a temperature sufficient to \ 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H 2 to CO ratio; 
30 providing a synthesis gas generating fluid to at least the portion of the selected 

section to generate synthesis gas; and 
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producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
^herein an amount of carbon monoxide is. converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtain a gas having a selected 
5 H: to C\) ratio. 

4837. The ntethod of claim 4836 r wherein the one or more heat sources comprise at 
least two heat scWces. and wherein superposition of heat from at least the two heat 
sources pyrolyzes arl^ast some hydrocarbons within the selected section of the 

10 formation. 

4838. The method of claim 4^\6 ; wherein the selected ratio is controlled to be 
approximately 2:1 F^to CO. 

] 5 4839. The method of claim 4836 ; whereiHthe selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 F^to CO. 

4840. The method of claim 4836 ; wherein the selected ratio is controlled to be 
approximately 3:1 F^to CO. 

20 

4841. The method of claim 4836 ; wherein the selected ratio is\ontrolled to range from 
approximately 2.8:1 to 3.2:1 H 2 to CO. 

4842. The method of claim 4836 ; further comprising providing at least a portion of the 
25 produced synthesis gas to a condensable hydrocarbon synthesis process to proHjice 

condensable hydrocarbons. 
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4843. The method of claim 4842, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 
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484^. The method of claim 4843, farther comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



4845. The method of claim 4836 ; further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4846. The method of oaim 4836 ; further comprising providing at least a portion of the 
produced synthesis gas to a niethanol-synthesis process to produce methanol. 

4847. The method of claim 4836, iwther comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4848. The method of claim 4836, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. /\/\ 

4849. The method of claim 4836, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within theSselected section of greater 
than about 100 millidarcy. \ 

4850. The method of claim 4836, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. \ 

485 1 . The method of claim 4836, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 

4852. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zohes to temperatures sufficient to support reaction of hydrocarbon material within the 
zones \ith an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
5 material within the zones to produce heat in the zones; and 
transferring heat frohi the zones to the selected section. 

4853. The method of clairh\4836 ; wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

10 introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluicrsubstantially by convection into the portion of the 
selected section, wherein the portion of th^selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the potion of the selected section to generate 
15 heat and raise the temperature of the portion. 

4854. The method of claim 4836, wherein the one or mote heat sources comprise one or 
more electrical heaters disposed in the formation. \ 

20 4855. The method of claim 4836 ? wherein the one or more heat sources comprises one 
or more natural distributor combustors. \ 

4856. The method of claim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposedVithin 

25 the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

4857. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 

30 synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 
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4858\ The method of claim 4836, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain atemperature within at least the portion of the selected section above the 
5 temperature Efficient to generate synthesis gas. 

4859. The method o( claim 4836 r wherein the synthesis gas generating fluid comprises 
liquid water. 

10 4860. The method of claim 4%>6 ; wherein the synthesis gas generating fluid comprises 
steam. 

4861 . The method of claim 4836 : whei^in the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the caro^n dioxide inhibits production of carbon 

15 dioxide from the selected section. 

4862. The method of claim 4861 , wherein a portiorvof the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxidKremoved from the formation. 

20 4863. The method of claim 4836 ? wherein the synthesis gas\enerating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4864. The method of claim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the Animation. 
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4865. The method of claim 4836, wherein providing the synthesis gas generating^luid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 
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4866. The method of claim 4836. wherein the synthesis gas generating fluid comprises 
iter and hydrocarbons having carbon numbers less than 5. and wherein at least a 

of the hydrocarbons are subjected to a reaction within at least the portion of the 
selecteaNsection to increase a H? concentration within the produced synthesis gas. 
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4867. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocaHxms react within at least the portion of the selected section to 
increase an energy contentsof the produced synthesis gas. 

4868. The method of claim 483& further comprising maintaining a pressure within the 
formation during synthesis gas genei^tion, and passing produced synthesis gas through a 
turbine to generate electricity. 



15 4869. The method of claim 4836, further combing generating electricity from the 
synthesis gas using a fuel cell. 

4870. The method of claim 4836, further comprising g&nerating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
20 and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 
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4871 . The method of claim 4836, further comprising using a portion of th^ synthesis gas 
as a combustion fuel for the one or more heat sources. 

4872. A method of forming a spent portion of formation within a coal formation, 
comprising: 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion. 
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4873. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 

4874. TRe method of claim 4872. wherein heating the first portion comprises 
transferring n^t to the first portion from one or more natural distributor combustors. 

4875. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the fhst portion from one or more flameless distributor combustors. 

4876. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. \ 

4877. The method of claim 4876. whereiV the heat transfer fluid comprises steam. 

4878. The method of claim 4876. wherein the neat transfer fluid comprises combustion 
products from a burner. \ 

4879. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from at least two heater Veils positioned within the 
formation, wherein the at least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 

4880. The method of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. \ 

4881 . The method of claim 4879, further comprising removing fluid from the formation 
through one or more production wells. \ 
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^82. The method of claim. 488 1 , wherein the one or more production wells are located 
in a j^ttern. and wherein the one or more production wells are positioned substantially at 
centers olfsbase heater units. 

4883. The method of claim 4879. wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884. The method of ckim 4879, wherein the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. 

4885. The method of claim 4879v wherein the heater unit comprises five heater wells 
positioned substantially at apexes ora regular pentagon. 

4886. The method of claim 4879 ; wheretn the heater unit comprises six heater wells 
positioned substantially at apexes of a regular hexagon. 

4887. The method of claim 4872, further comprising introducing water to the first 
portion to cool the formation. \ 

4888. The method of claim 4872, further comprising renWing steam from the 
formation. \ 

4889. The method of claim 4888, further comprising using a portion of the removed 
steam to heat a second portion of the formation. \ 

4890. The method of claim 4872, further comprising removing pyrolyzation products 
from the formation. \ 

4891 . The method of claim 4872, further comprising generating synthesis gas within the 
portion by introducing a synthesis gas generating fluid into the portion, and removing\ 
synthesis gas from the formation. \ 
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M892. The method of claim 4872. further comprising heating a second section of the 
forrhation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the ffrst portion. 

4893. The methoXof claim 4892, wherein the portion of the removed pyrolyzation fluid 
is stored within the firk portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 

4894. The method of claim 4892/&rther comprising heating the first portion to 
facilitate removal of the stored pyrolyz&ion fluid from the first portion. 

4895. The method of claim 4872, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas withinahe first portion. 

4896. The method of claim 4895 ; wherein the portion of the removed synthesis gas from 
the second portion are stored within the first portion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. \ 

4897. The method of claim 4895, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. \ 

4898. The method of claim 4872, further comprising removing at least a portionW 
carbon containing material in the first portion. \ 

4899. The method of claim 4898, further comprising using at least a portion of the 
carbon containing material removed from the formation in a metallurgical application. 
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s4900. The method of claim 4899. wherein the metallurgical application comprises steel 
manufacturing. 

4901 . \\ method of sequestering carbon dioxide within a coal formation, comprising: 

hating a portion of the formation to increase permeability and form a 
substantiall\\uniform permeability' within the portion; 
allowing the portion to cool; and 
storing cartoon dioxide within the portion. 
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10 4902. The method of ci^im 4901. wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4903. The method of claim 49bj. further comprising raising a water level within the 
portion to inhibit migration of the carbon dioxide from the portion. 



15 



4904. The method of claim 4901. further comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 



4905. The method of claim 4901, further comprising pyrolyzing hydrocarbons within 
20 the portion during heating of the portion, and removing pyrolyzation product from the 
formation. 
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4906. The method of claim 4901. further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 

4907. The method of claim 4901, wherein heating the portion composes: 

heating hydrocarbon material adjacent to one or more wellboresNo a temperature 
sufficient to support oxidation of the hydrocarbon material with an oxidizms fluid: 

introducing the oxidizing fluid to hydrocarbon material adjacent to the^ne or 
more wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced heat to the portion. 
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4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one cwnore wells comprises electrically heating the hydrocarbon material. 

4909. The niethod of claim 4907. wherein the temperature sufficient to support 
oxidation is in zKrange between approximately 200°C to approximately 1200 °C. 

491 0. The method ofolaim 4901 , wherein heating the portion comprises circulating heat 
transfer fluid through on& or more heating wells within the formation. 

491 1. The method of claim 45U0, wherein the heat transfer fluid comprises combustion 
products from a burner. \ 

4912. The method of claim 491 0. whemn the heat transfer fluid comprises steam. 

491 3. The method of claim 4901 ? further com)msing removing fluid from the formation 
during heating of the formation, and combusting apportion of the removed fluid to 
generate heat to heat the formation. /vt\ 

49 1 4. The method of claim 490 1 , further comprising using^at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. \ 

4915. The method of claim 490 L further comprising using a portion oMie carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide withinOhe portion. 

4916. The method of claim 490 L wherein at least a portion of the carbon dioxioe 
comprises carbon dioxide generated in a fuel cell. \ 

491 7. The method of claim 490 L wherein at least a portion of the carbon dioxide \ 
comprises carbon dioxide formed as a combustion product. 
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491 8\ The method of claim 4901 . further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

4919. The method of claim 4918. further comprising using the steam as a heat transfer 
fluid to heat a secohd portion of the formation. 

4920. The method of claim 4901 . wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

4921 . The method of claim 490lNvherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion: 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream from the formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than Concentration of other fluid in the first 
stream due to the absence of the adsorbed carbon aioxide in the second stream. 

4922. The method of claim 4901 . wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon\iioxide generated within the 
portion and removed from the formation during heating of Apportion. 

4923 . The method of claim 490 1 , further comprising providing h&rt from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein, the unit of heat 
sources comprises a triangular pattern. \ 

4924. The method of claim 4901 . further comprising providing heat from three V more 
heat sources to at least a portion of the formation, wherein three or more of the heat\ 
sources are located in the formation in a unit of heat sources, wherein the unit of heat \ 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated \ 
over an area of the formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a coal formation in 
situ, Comprising: 

pk>viding heat from one or more heat sources to at least a first portion of the 
5 formation; 

allowing^fche heat to transfer from one or more sources to a selected section of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some 
hydrocarbons within the\elected section of the formation; 

producing pyrolyzatibn fluids, wherein the pyrolyzation fluids comprise carbon 
10 dioxide; and 

storing an amount of carboiMioxide in the formation, wherein the amount of 
stored carbon dioxide is equal to or greater than an amount of carbon dioxide within the 
pyrolyzation fluids. 

1 5 4926. The method of claim 4925, wherein the"bne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within t^e selected section of the 
formation. 

20 4927. The method of claim 4925. wherein the carbon dioxide\s stored within a spent 
portion of the formation. 

4928. The method of claim 4925, wherein a portion of the carbon diokjde stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 



4929. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding anient in 
enhanced oil recovery. 

30 4930. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 



914 



Conlev. Rose & Tayon. P C 



.generating fluid for the generation of synthesis gas from a section of the formation that is 
Heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. 

493 1 . The method of claim 4925, further comprising separating a portion of carbon 
dioxide fromahe pyrolyzation fluids, and using the carbon dioxide to displace 
hvdrocarbon beii methane. 
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4932. The method of claim 493 1 , wherein the hydrocarbon bed is a deep hydrocarbon 
l o bed located over 760 m below ground surface. 

4933. The method of claim 493l\ further comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 

15 4934. The method of claim 4925, furtherWnprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel\;ell. 

4935. The method of claim 4934, wherein the fueWell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxiafei equal to or greater than an 
20 amount of carbon dioxide generated by the fuel cell withiV the formation. 
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4936. The method of claim 4925, wherein a spent portion of tfte formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which hydrocarbons have been produced, and wherein the spentNportion of the 
formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. 



4937. The method of claim 4925, further comprising raising a water level withi^ the 
spent portion to inhibit migration of the carbon dioxide from the portion. 
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?38. The method of claim 4925, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 

4939. Thesmethod of claim 4925, wherein producing fluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing^ synthesis gas generating fluid into the selected section; and removing 
synthesis gas from^he formation. 

4940. The method of ckim 4939, wherein the temperature sufficient to generate 
10 synthesis gas ranges from about 400 °C to about 1200 °C. 
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4941 . The method of claim 4939vwherein heating the selected section comprises 
introducing an oxidizing fluid into me selected section, reacting the oxidizing fluid within 
the selected section to heat the selected\ection. 

4942. The method of claim 4939, wherein gating the selected section comprises: 
heating hydrocarbon material adjacent t\one or more wellbores to a temperature 

sufficient to support oxidation of the hydrocarbon Vaterial with an oxidant; 

introducing the oxidant to hydrocarbon matercal adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; aiw; 

conveying produced heat to the portion. 
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4943. The method of claim 4925 , wherein the spent portion ofNhe formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 



4944. The method of claim 4925, wherein the one or more heat sources comprise 
electrical heaters. 

30 4945. The method of claim 4925, wherein the one or more heat sources comprisb 
flameless distributor combustors. 
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4946. \The method of claim 4945. wherein a portion of fuel for the one or more 
flameless oistributor combustors is obtained from the formation. 

4947. The method of claim 4925. wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 

4948. The method of ctaim 4947, wherein the heat transfer fluid comprises combustion 
products. \ 

4949. The method of claim 4947, wherein the heat transfer fluid comprises steam. 

4950. The method of claim 4925, wlWein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
produced fluids through a turbine. /C\ 

495 1 . The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat souKces, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

4952. The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units^are repeated 
over an area of the formation to form a repetitive pattern of units. \ 

4953. A method for in situ production of energy from a coal formation, comprising: 
providing heat from one or more heat sources to at least a portion of the \ 

formation; \ 



917 



Conlev Rose & Tayon. P C 



\ 

aNowing the heat to transfer from the one or more heat sources to a selected 
section of ths formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation; 

producing \yrolysis products from the formation; 

providing at mast a portion of the pyrolysis products to a reformer to generate 
synthesis gas; \ 

producing the synthesis gas from the reformer: 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. \ 

4954. The method of claim 4953, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witnin the selected section of the 
formation. f y\ 

4955. The method of claim 4953, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. \ 

4956. The method of claim 4953. wherein the synthesis gas con^prises carbon dioxide 
and H 2 . \ 

4957. The method of claim 4953, wherein the subsurface formation is\a spent portion of 
the formation. \ 

4958. The method of claim 4953, wherein the subsurface formation is an oiWservoir. 

4959. The method of claim 4958, wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recover)* in the oil reservoir. \ 
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4960\ The method of claim 4953. wherein the subsurface formation is a second coal 
formatiortv 

4961 . The method of claim 4960. wherein the second coal formation is located greater 
than about 760 m DfeJow ground surface. 

4962. The method of clahn 4960 ; wherein at least a portion of the carbon dioxide is used 
to produce methane from the second coal formation. 

4963. The method of claim 4962, ftirther comprising sequestering at least a portion of 
the carbon dioxide within the second co^l formation. 

4964. The method of claim 495 3 , wherein the reformer produces a reformer carbon 
dioxide containing exit stream. (VV 

4965. The method of claim 4963, further comprising\storing at least a portion of the 
carbon dioxide in the reformer carbon dioxide containinkexit stream in the subsurface 
formation. \ 

4966. The method of claim 4965, wherein the subsurface formation is a spent portion of 
the formation. \ 

4967. The method of claim 4965, wherein the subsurface formation lk an oil reservoir. 

4968. The method of claim 4967, wherein at least a portion of the carbonNdioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recover)" in the oil reservoir. \ 

4969. The method of claim 4965, wherein the subsurface formation is a second coVl 
formation. \ 
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49W. The method of claim 4868. wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit-stream is used to produce methane from the 
second coal formation. 

4971 . The method of claim 4970, further comprising sequestering at least a portion of 
the carbon dioxidein the reformer carbon dioxide containing exit stream within the 
second coal formation^ 

4972. The method of claim\%9, wherein the second coal formation is located greater 
than about 760 m below ground\urface. 

4973. The method of claim 4953, whferein the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 4953, wherein the fuel cell is a solid oxide fuel cell. 

4975. The method of claim 4953, further comprismg using a portion of the produced 
electricity to power electrical heaters within the formation. 

4976. The method of claim 4953, further comprising using portion of the produced 
pyrolysis products as a feed stream for the fuel cell. \ 

4977. The method of claim 4953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. \ 

4978. The method of claim 4953, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. \ 

4979. The method of claim 4978, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. \ 
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4980. XThe method of claim 4953. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formationNand further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

4981. The method of claim 4953 r further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4982. A method for producingWimonia using a coal formation, comprising: 
separating air to produce an\0 2 rich stream and a N2 rich stream; 

heating a selected section of the formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the 0 : rich 
stream to the selected section; 

allowing the synthesis gas generating fluickand O2 in the O: rich stream to react 
with at least a portion of the hydrocarbon material irKthe formation to generate synthesis 
gas; \ 

producing synthesis gas from the formation, wherein the synthesis gas comprises 
H 2 and CO; \ 

providing at least a portion of the H 2 in the synthesis gas\o an ammonia synthesis 
process; \ 

providing N 2 to the ammonia synthesis process; and \ 

using the ammonia synthesis process to generate ammonia. \ 

4983 . The method of claim 4982, wherein the ratio of the H 2 to N 2 provided tdsihe 
ammonia synthesis process is approximately 3:1. \ 

4984. The method of claim 4982, wherein the ratio of the H 2 to N 2 provided to the \ 
ammonia synthesis process ranges from approximately 2.8: 1 to approximately 3.2: 1 . > 
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4985. iRhe method of claim 4982. wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately\400 °C to approximately 1200 °C. 

4986. The method of claim 4982, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4987. The method of claim s 4986 J wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

4988. The method of claim 4987, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 

4989. The method of claim 4982. wherein at least a portion of the N 2 stream is used to 
condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 4982, wherein at least abortion of the N 2 rich stream is 
provided to the ammonia synthesis process. \ 

4991 . The method of claim 4982, wherein the air is separated by cryogenic distillation. 

4992. The method of claim 4982, wherein the air is separated membrane separation. 

4993. The method of claim 4982, wherein fluids produced during pVolysis of a coal 
formation comprise ammonia and, further comprising adding at least a {portion of such 
ammonia to the ammonia generated from the ammonia synthesis process.X 

4994. The method of claim 4982, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrofreating. 
and, further comprising adding at least a portion of such ammonia to the ammonia\ 
generated from the ammonia synthesis process. \ 

922 Conle\ . Rose & Tayon. P ( 



\ 

4995. ^^KJie method of claim 4982. further comprising providing at least a portion of the 
ammonia tosa urea synthesis process to produce urea. 

4996. The method of claim 4982. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and. further comprising providing 
carbon dioxide from thesformation to the urea synthesis process. 



4997. The method of claim\982 ; further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and. further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portio^of the carbon dioxide from the shift process to the 
urea synthesis process. 
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15 4998. The method of claim 4982 ; wherein hewing the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacent to wellbores of one or m^e heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
20 zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with CK in the O2 rich stream; 

introducing the to the zones substantially by diffusion; 
allowing O2 in the 0: rich stream to react with at least a portion' 
hydrocarbon material within the zones to produce heat in the zones: and 
25 transferring heat from the zones to the selected section. 



30 



4999. The method of claim 4998, wherein temperatures sufficient to support reaction of 
hydrocarbon within the zones with O2 range from approximately 200 °C to approximately 
1200 °C. 
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5000. Uie method of claim .4998, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 



5001 . The metliiDd of claim 4998, wherein the one or more heat sources comprises one 
5 or more natural distributor combustors. 
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5002. The method of clkim 4998. wherein the one or more heat sources comprise one or 
more heater wells, wherein^at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 

10 the conduit. 

5003. The method of claim 4998, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more n^at sources. 

i 5 5004. The method of claim 4982, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbor^material in the formation to form 
synthesis gas comprises: 

introducing the 0 2 rich stream into the formation\hrough a wellbore; 
transporting 0 2 in the 0 2 rich stream substantially bVconvection into the portion 
20 of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with 0 2 in the 0 2 ricfv stream; and 

reacting the 0 2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 



25 5005. The method of claim 5005, wherein the temperature sufficient to support an 
oxidization reaction with 0 2 ranges from approximately 200 °C to approximately 1200 
°C. 



5006. The method of claim 5005, wherein the one or more heat sources comprises of 
30 or more electrical heaters disposed in the formation. 
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5007. The method of claim 5005, wherein the one or more heat sources comprises one 
or mhre natural distributor combustors. * 

5008. The Method of claim 5005, wherein the one or more heat sources comprise one or 
more heater wefk wherein at least one heater well comprises a conduit disposed within 
the formation, and KHJher comprising heating the conduit by flowing a hot fluid through 
the conduit. 
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5009. The method of claim 50105, further comprising using a portion of the synthesis gas 
10 as a combustion fuel for the one or more heat sources. 

5010. The method of claim 4982, further comprising controlling the heating of at least 
the portion of the selected section and profusion of the synthesis gas generating fluid to 
maintain a temperature within at least the poftion of the selected section above the 

1 5 temperature sufficient to generate synthesis gasN 

501 1 . The method of claim 4982, wherein the synth^is gas generating fluid comprises 
liquid water. 

20 5012. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
steam. 
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5013. The method of claim 4982, wherein the synthesis gas generatirifc fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production^ carbon 
dioxide from the selected section. 



5014. The method of claim 5013, wherein a portion of the carbon dioxide withiri\the 
synthesis gas generating fluid comprises carbon dioxide removed from the formatior 
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5015. \he method of claim 4982 f wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

501 6. The method 6f claim 5015, wherein a portion of the carbon dioxide within the 
synthesis gas generatingsiluid comprises carbon dioxide removed from the formation. 

5017. The method of claim 4982, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

501 8. A method for producing ammoniamsing a coal formation, comprising: 
generating a first ammonia feed stream from a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation. 

wherein the second ammonia feed stream has a Hj\jto N 2 ratio greater than a H 2 to N: ratio 

of the first ammonia feed stream; \, 

blending at least a portion of the first ammonia r^ed stream with at least a portion 

of the second ammonia feed stream to produce a blended ammonia feed stream having a 

selected H 2 to N 2 ratio; \ 

providing the blended ammonia feed stream to an ammonia synthesis process; and 
using the ammonia synthesis process to generate ammoniaX 

501 9. The method of claim 501 8 ; wherein the selected ratio is approximately 3:1. 

5020. The method of claim 501 8, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2:1. \ 

5021 . The method of claim 501 8 r further comprising separating at least a portion of \ 
carbon dioxide in the first ammonia feed stream from at least a portion of the first \ 
ammonia feed stream. 
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5022. The method of claim 502 L wherein the carbon dioxide is separated from the first 
ammonia fe^ stream by an amine separator. 

5023. The method of claim 5022. further comprising providing at least a portion of the 
carbon dioxide to a utea synthesis process. 

5024. The method of claim 5018. further comprising separating at least a portion of 
carbon dioxide in the blendedsammonia feed stream from at least a portion of the blended 
ammonia feed stream. \ 

5025. The method of claim 5024, wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5026. The method of claim 5025. further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process f\k 

5027. The method of claim 501 8. further comprisin^separating at least a portion of 
carbon dioxide in the second ammonia feed stream from^at least a portion of the second 
ammonia feed stream. \ 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. \ 

5029. The method of claim 5028. further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. \ 

5030. The method of claim 5018. wherein fluids produced during pyrolysis of a cc^al 
formation comprise ammonia and. further comprising adding at least a portion of sucn^ 
ammonia to the ammonia generated from the ammonia synthesis process. \ 
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5031. \he method of claim 501 8, wherein fluids produced during pyrolysis of a coal 
formation afce hydrotreated and at least some ammonia is produced during hydrotreating. 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the'smimonia synthesis process. 

5032. The method of claim 501 8, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5033. The method of claim 501 8>ftirther comprising providing at least a portion of the 
ammonia to a urea synthesis process t& produce urea and, further comprising providing 
carbon dioxide from the formation to theH^rea synthesis process. 

5034. The method of claim 501 8 ; further conWising providing at least a portion of the 
ammonia to a urea synthesis process to produce ufi^a and further comprising shifting at 
least a portion of carbon monoxide in the blended anWmia feed stream to carbon dioxide 
in a shift process, and further comprising providing at lefcst a portion of the carbon 
dioxide from the shift process to the urea synthesis process\ 

5035. A method for producing ammonia using a coal formatiork comprising: 
heating a selected section of the formation to a temperatureWifficient to support 

reaction of hydrocarbon material in the formation to form synthesis g^s; 

providing a synthesis gas generating fluid and an 0 2 rich stream\o the selected 
section, wherein the amount of N 2 in the 0 2 rich stream is sufficient to geiWate synthesis 
gas having a selected ratio of H2 to N2; \ 

allowing the synthesis gas generating fluid and 0 2 in the 0 2 rich stream\o react 
with at least a portion of the hydrocarbon material in the formation to generate syhthesis 
gas having a selected ratio of H 2 to N 2 ; \ 

producing the synthesis gas from the formation; \ 

providing at least a portion of the H 2 and N 2 in the synthesis gas to an ammonia \ 
synthesis process; 

using the ammonia synthesis process to generate ammonia. 
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5036. \he method of claim 5035. further comprising controlling a temperature of at 
least a porcion of the selected section to generate synthesis gas having the selected H: to 
N: ratio. \ 

5037. The method o^claim 5035. wherein the selected ratio is approximately 3:1 . 

5038. The method of claim\5035. wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. \ 

5039. The method of claim 5035. wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formationsto form synthesis gas ranges from 
approximately 400 °C to approximately 1200^0^ 

5040. The method of claim 5035. wherein the Ov$tream and N: stream are obtained by 
cryogenic separation of air. \ 

5041 . The method of claim 5035. wherein the Cb stream and N2 stream are obtained by 
membrane separation of air. \ 

5042. The method of claim 5035, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5043. The method of claim 5042, wherein the carbon dioxide is separated fiWn the 
synthesis gas by an amine separator. \ 

5044. The method of claim 5043, further comprising providing at least a portion orthe 
carbon dioxide to a urea synthesis process. \ 
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5045. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and ; further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5046. The method\pf claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotiWed and at least some ammonia is produced during hydrotreating. 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5047. The method of claim 50j5l further comprising providing at least a portion of the 
ammonia to a urea synthesis processsto produce urea. 

5048. The method of claim 5035, further\omprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and ; further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5035, further comprisingSproviding at least a portion of the 
ammonia to a urea synthesis process to produce urea anckfurther comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. \ 

5050. The method of claim 5035, wherein heating a selected section of the formation to 
a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: \ 

heating zones adjacent to wellbores of one or more heat sources wrth heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stream; \ 

introducing the O2 to the zones substantially by diffusion; \ 
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allowing 0 2 in the O2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

505 1 . The metho<rof claim 5050, wherein temperatures sufficient to support reaction of 
hydrocarbon material Whin the zones with O2 range from approximately 200 C C to 
approximately 1200 °C. \ 

5052. The method of claim 505(V wherein the one or more heat sources comprises one 
or more electrical heaters disposed insthe formation. 

5053. The method of claim 5050, whereiirthe one or more heat sources comprises one 
or more natural distributor combustors. \^ — 

5054. The method of claim 5050. wherein the one oKmore heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit bVflowing a hot fluid through 
the conduit. \ 

5055. The method of claim 5050, further comprising using a portionsof the synthesis gas 
as a combustion fuel for the one or more heat sources. \ 

5056. The method of claim 5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to farm 
synthesis gas comprises: \ 

introducing the O2 rich stream into the formation through a wellbore; \ 
transporting O2 in the O2 rich stream substantially by convection into the portion \ 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the 0 2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 
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5051 The method of claim 5056, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1 200 
°C 

5 

5058. The method of claim 5056, wherein the one or more heat sources comprises one 
or more electrical niters disposed in the formation. 

5059. The method of claihi 5056, wherein the one or more heat sources comprises one 
10 or more natural distributor combustors. 

5060. The method of claim 5056. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heatihg the conduit by flowing a hot fluid through 

1 5 the conduit. 

5061 . The method of claim 5056, further comprisin\using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



20 5062. The method of claim 5035. further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gfcs generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

25 5063. The method of claim 5035, wherein the synthesis gas generating fluid ^mprises 
liquid water. 



30 



5064. The method of claim 5035 ; wherein the synthesis gas generating fluid comprise 
steam. 
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51)65. The method of claim 5035. wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide frohi the selected section. 

5 5066. The method of claim 5065. wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5067. The method of claims5035. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 

10 formation to generate carbon monhxide. 

5068. The method of claim 5067. wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises cans^o&4ioxide removed from the formation. 

15 5069. The method of claim 5035, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the poraon of the selected section. 

5070. A method for producing ammonia using a coal formattism, comprising: 

20 providing a first stream comprising N2 and carbon dioxid\to the formation: 

allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; \ 

producing a second stream from the formation, wherein the secona^tream 
comprises a lower percentage of carbon dioxide than the first stream; \ 
25 providing at least a portion of the N 2 in the second stream to an ammonia\ 

synthesis process. \ 

5071 . The method of claim 5070. wherein the second stream comprises H: from the 
formation. 

30 
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5072. The method of claim 5*070, wherein the fir^t stream is produced from the coal 
formation. 

5073. The method of claim 5072. wherein the Jfirst stream is generated by reacting a 
oxidizing fluid with hydrocarbon material in tWe formation. 

5074. The method of claim 5070, wherein thjb second stream comprises H: from the 
formation and, further comprising providing such H 2 to the ammonia synthesis process. 

5075. The method of claim 5070, further c</mpnsing using the ammonia synthesis 
process to generate ammonia. 

5076. The method of claim 5075, t^reiii flWls produced during pyrolysis of a coal 
formation comprise ammonia and, ftfkher/compn^ing adding at least a portion of such 
ammonia to the ammonia generated fromihe ammonia synthesis process. 



5077. The method of claim 5075, wherdinXluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a/portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



5078. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



5079. The method of claim 5075 
ammonia to a urea synthesis process 
carbon dioxide from the formation to 



to 



further comprising providing at least a portion of the 
produce urea and. further comprising providing 
urea synthesis process. 



me 



5080. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in (the synthesis gas to carbon dioxide in a shift 



/ 
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process, and further comprising pl^ding at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 




5081, Xmgrhod for tr o atinfU n drocarbons in at lea st^a^ordon of a coal formation, 
wherein the portion has an average permeability of less than 
comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a select^ 
section of the formation such that heat from the heat sources pyrolyzes at i§a$t some 
hydrocarbons within the selected section, and wherein heat from the hefct sources 
increases the permeability of at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons fronytKe formation. 



ill 

XI 
■r- 



ili 



5082. The method of claim 508 L wherein the on^or more heat sources comprise at 
15 least two heat sources, and wherein superposing of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of>neat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 



20 5083 . The method of claim 508 1 . further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation wherein the thermal fractures substantially increase the 
permeability of the selected section. 

25 5084. The method of claim 508 1 , wherein the heat is provided such that an average 

temperatureyin the selected section ranges from approximately about 270 °C to about 400 
°C. 

508^. The method of claim 508 1 , wherein at least one of the one or more heat sources 
30 xjoniflr foes an electrical heater located in the formation. 



935 



Conlev. Rose & Tayon. P C 



5086. The method of claim 508 1 , wherein at least one of the one or more 
located in a heater well and wherein at least one of the heater wells comgiisss-^^nduit 
located in the formation, and further comprising heating Jlie-eofiauit by flowing a hot 
fluid through the conduit. 

5087. The method^tetSim 5081, wherein at least some of the heat sources are arranged 
in a tnanguktfpattern. 



5088. The method of clayfj^S&W . further comprising: 

monitoring a c^rafbo^ition of the produced mixture; and 
controlling ^^ssur^ in at least a portion of the formation to control the 
composition of the gfoduced mixture. 

50^. The method of claim SCJj^T wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5090. The method of claim 5088, wherein the pressure is controlled suchJLhat-press 
proximate to thej)n£xu^Rereile^ is greater than a pressure proximate to a 
loeafrorrwhere ihe fluid is produced. " 

5091 . A method for treating hydrocarbons ir/ at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 



compnsing: 



providing heat from one or more heat sources to the formation; 
allowing the heat to trarisfer ffron the one or more heat sources to a selected 
section of the formation such tljat Jafeat from the ope or more heat sources pyrolyzes at 
least some hydrocarbons withintyhe selected section, and wherein heat from the one or 
more heat sources vaporizes a/least^jpojjr&n of the hydrocarbons in the selected section: 
and 

producing a mixtiW comprising hydrocarbons from the formation. 
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5092. The method of claim 509 L wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the/selected section of the 
formation, and wherein superposition of heat from at \pasl the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selected section. 

5093. The method of claim 5091 . further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 

5094. The method of claim 5091 . where/n the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 



5095. The method of claim 509 1, 
comprises an electrical heater loc* 



'herein at least one of the one or more heat sources 
:d in the formation. 



5096. The method of claim 5091 . wherein af least one of the one or more heat sources is 
located in a heater well, and wnerein at le^st one of the heater wells comprises a conduit 
located in the formation, andyrurther 9£fmprising heating the conduit by flowing a hot 
fluid through the conduit. 

5097. The method of cl^im 5091 . wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5098, The method of claim 5091. further comprising: 

monitoring a/composition of the produced mixture; and 
controlling a pressjore in at least a portion of the formation to control the composition of 
the produced mixture. 
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5099. The method of claim 5098, wherein/lhe pressure is controlled by a valve 
proximate to a location where the mipmtq is produced. 



5100. The method of claim 5098, >[vfy6rein the pressure is controlled such that pressure 
proximate to the one or more heat sdtaces is greater than a pressure proximate to a 
location where the mixture is produced. 



•ins- 



5101. A method for treating bfydrocarbons in at lelst a portion of a coal formation, 
wherein the portion has an average permeability oijless than about 10 millidarcy. 
10 comprising: 

providing heat from one or more heat soui/ces to the formation, wherein at least 
one of the one or more heat sources is located in k heater well; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the neat sources pyrolyzes at least some 
15 hydrocarbons within the selected section, and wnerein heat from the heat sources 
pressurizes at least a portion of the selected sectfion; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more of theniater sources. 



20 5102. The method of claim 5101, wherein toff one or more heat sources compri se at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 

25 5103. The method of claim 5101, further comprising producing fluid from at least one 
of the one or more heat sources. 



30 



5 1 04. The method of claim 5101, further /comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 
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5105. The method of claim 51 0L wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C / 

5 1 06. The method of claim 5101. wherein at least one or the one or more heat sources 
comprises an electrical heater located in the formation. / 

5107. The method of claim 5101, wherein at least ope of the one or more heat sources is 
located in a heater well, and wherein at least one of me heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. / 

5108. The method of claim 510L wherein^t lefast some of the heat sources are arranged 
in a triangular pattern. \XV 

5 1 09. The method of claim 5 1 0 1 . further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. / 

5110. The method of claim 5 1 09 r whereir the pressure is controlled by a valve 
proximate to a location where the mixture s produced. 

5111. The method of claim 5 1 09 ; wherei: l the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 
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Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in at least a portion fif a coal formation, 
wherein the portion has an average permeability of less than atput 10 millidarcy. 
comprising: 

providing heat from one or more heat sources to the formation; 
allowing the heat to transfer from the one or more heat sources to a selected first 
section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pyrolyzed within the first selected section, and 
■allowing the heat to transfer from the one or more heat sooirces to a selected second 
section of the formation such that heat from the heat soirees heats at least some 
hydrocarbons within the selected second section to,alfcijhperature less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocamoi^rorra the formation. 

5113. The method of claim 5112. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition oi heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from/the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 
average temperature within the pyrolysis zone. 

5114. The method of claim 5 1 1 2 S wherein at ldkst some heated hydrocarbons within the 
selected second section flow ; into the pyrolysis zone. 

5115. The method of claim 5112, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 



5116. The method of claim 5112. further cctiriprising allowing heat to transfer from at 
least one of the one or more heat sources to tpe selected first section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected first section. 



V 
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5117. The method of claim 5112, further comprising allowing; heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected second section. 



r 



10 
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5118. The method of claim 5112, wherein the heat is /provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
400 °C. 

5119. The method of claim 5112, wherein the heaft is provided such that an average 
temperature in the selected second section ranges pom approximately about 1 80 °C to 
about 250 °C. 

5 120. The method of claim 5112, whejrein a^co^ty of at least some of the 
hydrocarbons in the selected second section ranges from 7 approximately about 20 
centipoise to about 1000 centipoise. 



20 



5121. The method of claim 5112, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 



25 



5122. The method of claim 51 12, wherein/at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further composing heating the conduit by flowing a hot 
fluid through the conduit. 



5123. The method of claim 5112, further comprising: 

monitoring a composition of the produced mixture; and 
controlling a pressure in at least ^ portion of the formation to control the 
30 composition of the produced mixture. 
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5124. The method of claim 5123, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced^ 

5125. The method of claim 5123. wherein the pressure is controlled such that pressure 
5 proximate to the one or more heat sources is greater than a pressure proximate to a 

location where the fluid is produced. 

5 126. The method of claim 5 122, wherein xhk pressure in the selected second section is 
substantially greater than the pressure in theyselected first section. 

10 

5127. The method of claim 5112. wherei£ at least some of the heat sources are arranged 
in a triangular pattern. 

5128. The method of claim 51|12, wh/reirkgn average distance between heat sources in 
15 the selected first section is less ttiarfaji average distance between heat sources in the 

selected second section. 

5 129. The method of claim 5 1 12, /Uierein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

/ 

5 1 30. The method of claim 5112, wherein the selected first section comprises at least 
one production well. 

5131. The method of claim 5 l/l 2, wherein the selected first section comprises a planar 
25 region. 



5 1 32. The method of claim 5|1 1 2. wherein at least one row of the heat sources provides 
heat to the planar region. 



30 5133. The method of claim 5 
provides heat to the selected 



1 12, wherein at least one ring comprising the heat sources 
first section. 
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5134. The method of claim 5133. wherein at least ope ring comprising the heat sources 
provides heat to the selected second section. 

5 5 135. The method of claim 5133. wherein the i4ng comprises a polygon. 

5136. The method of claim 5133. wherein tne ring comprises a regular polygon. 



10 



5137. The method of claim 5133, wherein the ring comprises a hexagon. 



5138. The method of claim 5133, wherein the ring comprises a triangle. 



5139. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average pgjr^neability of less than about 10 millidarcv. 

15 comprising: 

providing heat from three or Aiorelieat sources to the formation; 
allowing the heat to transfer pom three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
20 arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 

5 140. The method of claim 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least |ome hydrocarbons within the selected section of the 

25 formation. 



5141 . The method of claim 5139, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 



30 5 1 42 . The method of claim 



5139, further comprising allowing heat to transfer from at 



least one of the one or more heat sources to the selected section to create thermal 
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fractures in the formation, wherein the thermal fracjtures substantially increase the 
permeability of the selected section. 

5143. The method of claim 5139, wherein thereat is provided such that an average 
5 temperature in the selected section ranges from approximately about 270 °C to about 400 

°C. 

5 1 44. The method of claim 5139, whereiri at least one of the one or more heat sources 
comprises a electrical heater located in the formation. 



10 



15 



5145. The method of claim 5139, wherein at least one of the one or more heat sources is 
located in a heater well." and wherein m least one of the heater wells comprises a conduit 



located in the formation, and furtl; 
fluid through the conduit. 



:omprising heating the conduit by flowing a hot 



5 1 46. The method of claim 5139, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5147. The method of claim 5 1&9, further comprising: 
20 monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 



5148. The method of claim 
25 proximate to a location 



5147, wherein the pressure is controlled by a valve 
whefre the mixture is produced. 



5 1 49. The method of clairfi 
proximate to the one or 
location where the fluid is produced 




5147, wherein the pressure is controlled such that pressure 
mo[re heat sources is greater than a pressure proximate to a 



V 
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